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STUDIES IN MINERAL METABOLISM WITH THE AID 
OF ARTIFICIAL RADIOACTIVE ISOTOPES 


II. ABSORPTION, DISTRIBUTION, AND EXCRETION OF 
POTASSIUM* 


By MICHAEL JOSEPH, WALDO E. COHN, 
anp DAVID M. GREENBERG 
(From the Division of Biochemistry, University of California 
Medical School, Berkeley) 


(Received for publication, March 20, 1939) 


The use of artificial radioactive postassium offers a new means 
of studying the fate of this important mineral element in the ani- 
mal organism. By means of potassium “labeled’’ in this manner 
it is possible to distinguish an administered dose of potassium 
from that already present in the animal under investigation. The 
advantages of using radioactive isotopes in the study of metab- 
olism has been discussed in a recent review by one of us (2). 

The present communication is concerned with a study of the 
absorption from the gastrointestinal tract, the rate of excretion 
via the urine, and the distribution in certain viscera of the body of 
potassium administered as potassium chloride. 

The period of time over which it was possible to follow the fate 
of the labeled potassium was limited to a few days by the relatively 
rapid decay of K® (half life, 12.8 hours). After several days, the 
emitted radioactivity becomes too low for accurate measurement. 
With a rapidly metabolized element such as potassium, however, 
the main picture of its disposition can be obtained within a rela- 
tively short time. 


Methods 


Preparation of Radioactive Potassitum—The radioactive potas- 
sium (K®) was prepared from metallic potassium by bombard- 
ment with deuterons in the cyclotron of the Radiation Laboratory 


* A preliminary communication of this work has been published (1). 
673 
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of the University of California. The nuclear reactions involved 
are given below. 


1H? + »K® + ,H! 
wK® —— wCa® + e~ + radiation 


The bombarded potassium was dissolved off the target with 
alcohol in an atmosphere of CO, in order to avoid ignition. It 
was converted into its chloride by adding hydrochloric acid and 
then evaporating todryness. The dry salt was redissolved in water 
and the potassium was separated from any contaminating sodium 
by precipitating it as potassium acid tartrate. It was then con- 
verted to potassium chloride by adding hydrochloric acid and ignit- 
ing. The final solution of potassium chloride was made up to a 
concentration of 0.5 per cent, which gave a radioactive strength 
such that the amount in 1 ml. was 1000 to 5000 times as radio- 
active as the minimal quantity detectable with the Lauritzen 
electroscope. 

The experimental work was carried out on normal rats, male 
and female, weighing between 200 and 350 gm. After a pre- 
liminary run it was found desirable to avoid the passage of feces 
during the experimental period because, even with the use of a 
device to separate feces from urine, it was found impossible to 
prevent completely the contact of the feces with the urine. Feces 
which came in contact with the urine soaked up sufficient quanti- 
ties to lead to considerable error in estimating the urinary excre- 
tion of the labeled potassium. To clear the intestines and elimi- 
nate passage of feces, food was withdrawn for 48 hours prior to an 
experiment. During this period, three 10 ml. doses of Locke’s 
salt solution, to which there had been added 6 per cent glucose, 
were administered. 

To carry out an experiment, 1 ml. of the radioactive potas- 
sium chloride solution was administered by stomach tube or 
by intraperitoneal injection. In the case of the heavier animals, 
2 ml. of the solution were used. The animals on which excretion 
was followed were placed in metabolism cages. Each cage stood 
over a glass funnel to the bottom of which was attached a urine- 
feces separator in order to collect the excreta (3). 

At the proper time intervals after administration of the labeled 
potassium chloride, the animals were anesthetized with chloro- 
form, bled by heart puncture, and the tissues to be analyzed were 
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dissected out. In order to obtain the contents of the stomach 
and the small intestines, these organs were tied off separately, 
slit open, and the contents washed out with a stream of water 
from a wash bottle. 

The radioactive potassium was extracted for analysis by cover- 
ing the dissected tissue with 10 to 20 ml. of a 20 per cent trichloro- 
acetic acid solution and then grinding it up with clean sand which 
had been washed previously with dilute hydrochloric acid in a 
glass mortar. To complete the extraction, the macerated tissue 
was repeatedly washed with distilled water. The filtered extract 
was transferred to a shallow 10 ml. Coors ashing capsule and 
evaporated to dryness on a hot-plate. The radioactivity of the 
sample was then measured on the electroscope. Tests for the 
completeness of the extraction were carried out very often by 
ashing the tissue residue and testing it for any residual radio- 
activity. 

The radioactivity was measured in arbitrary units and then 
expressed in terms of the per cent of a standard sample of the initial 
radioactive potassium solution whose activity was determined 
at the same periods as the experimental samples. The radio- 
activity of the urine was determined in the same manner as that 
given for the tissue extracts. 

Four series of experiments were carried out in this study. In 
Series I, radioactive potassium was administered by stomach tube 
to six rats which were sacrificed in pairs, 10, 20, and 30 minutes 
after the administration. In Series II, after oral administration, 
the six rats were sacrificed at the time intervals of 1, 2, 4, 7, 9, 
and 22 hours. In Series III, four rats were given intraperitoneal 
injections of the labeled potassium and were then sacrificed after 
3, 1, 2, and 22 hours. 

The excretion of the labeled potassium in the urine was deter- 
mined on the animals of Series IV. Labeled potassium chloride 
was administered orally to one group of two animals and intra- 
peritoneally to another group. The urine of each group was col- 
lected at intervals up to 66 hours and each urine collection was 
analyzed separately. 


Results 


Absorption—The curves showing the percentage of labeled 
potassium present in the fluid contents of the stomach and small 
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intestine at varying intervals of time after its administration are 
plotted in Fig. 1. 10 minutes after administration, the stomach 
contents contained 43 per cent of the potassium and the small 
intestine contained 9 per cent, 48 per cent having been removed. 
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Fig. 1. Residual radioactive potassium in the gastrointestinal contents 
after oral administration of labeled potassium chloride and appearance of 
radioactive potassium in the contents following intraperitoneal injection 
of labeled potassium chloride. 


PERCENT RADIO-POTASSIUM 


About 90 per cent of the potassium was taken out within 30 
minutes. 

The rate of removal of the potassium was found to be subject 
to considerable individual variation. In one instance, 70 per cent 
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of the administered potassium chloride was absorbed in the first 
10 minutes.!' This variation in the absorption rate was also 
reflected in the distribution of the radioactive potassium in the 
tissues. 

Excretion of potassium into the stomach and small intestine is a 
minor factor in connection with these experiments. The curves 
given in the lower part of Fig. 1 show that not more than 1 per 
cent of intraperitoneally injected potassium ever appeared in the 
contents of the stomach and small intestine. 

Distribution—During the height of absorption a large fraction 
of the administered potassium is present in the tissue of the small 
intestine. Fig. 2 shows that there was an average of 19.2 per cent 
at 10 minutes, and 23.7 per cent at 20 minutes after oral adminis- 
tration. These figures are subject to extreme individual varia- 
tions of about +50 per cent. The tissue of the stomach took up 
only about 10 to 20 per cent as much potassium as the small 
intestine. This observation is in harmony with the doctrine that 
the small intestine is the chief organ of absorption (4). 

The absorbed potassium is taken up by the liver in a striking 
fashion. The curve of retention follows the absorption curve 
very closely, both in rise and fall. While the potassium is held 
in the liver for some time before it is released into the general 
circulation, the deposition there is only transitory and appears to 
be incidental to the location of the liver in the path of the portal 
venous system. 

The preferential uptake of potassium by the tissue of the small 
intestine and liver occurs only when it is given orally. The lower 
part of Fig. 2 shows that, upon intraperitoneal injection of the 
labeled potassium chloride, the degree of accumulation of potas- 
sium by these organs is very much less. These observations ap- 
pear to be readily explainable if the potassium is absorbed from 
the gastrointestinal tract into the portal venous system, which 
then carries it all through the liver. 

Further evidence for this view-point is obtained when the 
labeled potassium uptake is plotted in terms of the per cent of 
the administered dose present per gm. of tissue rather than in 


! The timing of the first 10 minute period was not very accurate because 
of the variations that necessarily occurred in chloroforming the animals, 
opening the abdomen, and dissecting out the stomach and small intestine. 
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terms of the per cent in the whole organ. Curves of the data 
have been plotted in this manner in Fig. 3. These curves show 
that initially the radioactive potassium content per gm. of liver 
is more than twice as great as the amount per ml. of blood in the 
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Fig. 2. Uptake of radioactive potassium by various organs following 
oral and intraperitoneal administration of labeled potassium chloride. 


general circulation. At the end of the absorption period the 
amount in the liver decreases, while the concentration in the blood 
increases to levels higher than that in the liver. 

From Figs. 2 and 3 it appears that the kidney takes up a defi- 
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nite amount of potassium as soon as it appears in the circulation 
and maintains this constant level for a comparatively long time. 
Initially the amount is slightly higher per gm. of kidney than per 
ml. of blood, but the radioactive potassium content of the blood 
soon surpasses the concentration in the kidney. 
The uptake of potassium by muscle is slow in comparison to the 
uptake of the other tissues considered here. The curve of uptake 
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Fic. 3. The retention of radioactive potassium in various tissues and 
in blood per gm. of fresh weight. 


of radioactive potassium per gm. of muscle parallels the increase 
in the radioactive potassium of the blood. The quantity in the 
muscle during the period of uptake is maintained at about one- 
third the concentration in the blood. 

After a number of hours the labeled potassium retention per 
gm. of fresh tissue (termed the “specific affinity” in a previous 
paper (5)) approaches the same value for such varied tissues as 
muscle, liver, kidney, stomach, small intestine, and heart. 
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Excretion—The urinary excretion of the labeled potassium is 
not very rapid and proceeds at the same rate regardless of whether 
it is given orally or by intraperitoneal injection. This is shown in 
Fig. 4. The curves for the urinary excretion of the labeled potas- 
sium are nearly identical regardless of the mode of administration. 
The excretion proceeds at a nearly constant rate of about 6 to 7 
per cent per day for the 66 hours over which it was followed. The 
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Fic. 4. Urinary excretion of radioactive potassium following oral or 
intraperitoneal administration of labeled potassium chloride. 


deduction to be drawn from this is that the absorbed potassium 
is rapidly taken up by the different tissues of the body, where it 
becomes mixed with and subsequently follows the same fate as 
the potassium already there. Under the conditions of the present 
experiments, the urinary excretion curves of the labeled potassium 
are a measure of the rate of the endogenous potassium metabolism 
of the rat. 
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DISCUSSION 


The literature on the absorption of the mineral elements prior to 
the work with artificial radioactive isotopes has been summarized 
by Verzdr (4). These studies have led to the conclusion that the 
absorption of ions was proportional to their rate of diffusion and 
that there was but little difference in the absorbability of the 
alkali elements. Using the increment in the radiation of the hand 
as a measure of absorption, Hamilton (6) has determined the rates 
of absorption of the radioactive isotopes of sodium, potassium, 
chlorine, bromine, and iodine in normal human subjects. He 
found that potassium ion was absorbed most slowly. All of the 
ions, except potassium, could be detected within 3 to 6 minutes 
following their ingestion, while it required 6 to 15 minutes for the 
absorption of potassium to be detected. At the end of 1 hour the 
curve for radioactive potassium had reached only 49 per cent of 
its final value, whereas the curves representing the absorption of 
sodium, chlorine, bromine, and iodine had ren to between 75 
and 85 per cent of the maximum height. It would be inferred 
that the absorption of potassium from the human gastrointestinal 
tract is slower than it is from the rat. Allowance must be made, 
however, for the fact that the accumulation of potassium in the 
tissues of the stomach, intestine, and liver, such as is shown in 
Fig. 2, is not recorded by Hamilton’s method of measurement, and 
would account for at least part of the slower absorption curve. 
Examination of Fig. 3 shows that the content of radioactive potas- 
sium in blood and skeletal muscle, which is more nearly com- 
parable to Hamilton’s measurements, is still increasing up to 6 
hours after administration of the potassium. 

The urinary excretion of labeled potassium in the present ex- 
periments occurred at a rather constant rate. There was no 
evidence of a diuresis or of a rapid initial excretion of potassium. 
Bock (7) observed a considerable diuresis and an increase in the 
rate of potassium excretion in the first few hours following intra- 
venous injection of potassium chloride. The absence of an initial 
outpouring of potassium into the urine in the present experiments 
may be explained by the small quantities that were administered. 
Bock administered a considerable volume of isotonic potassium 
solution, whereas the quantity of labeled potassium administered 
in the present work was small. 
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SUMMARY 


1. Radioactive potassium administered to fasted rats as potas- 
sium chloride is largely absorbed from the gastrointestinal contents 
within half an hour. There is a considerable degree of individual 
variation in the absorption rate, which suggests that there is no 
specific mechanism involved in the absorption of potassium ions. 

2. The degree of accumulation of potassium in the tissue of the 
small intestine and stomach suggests that the absorption occurs 
mainly from the small intestine, with but little from the stomach. 

3. Liver tissue shows an uptake of potassium which follows the 
absorption curve very closely both in rise and fall. The deposi- 
tion in the liver is only transitory and appears to be incidental 
to its location in the path of the portal venous system. 

4. The uptake of potassium by skeletal muscle is slow and in- 
creases continuously for at least 4 hours and then remains at a 
constant level for about 22 hours. The permeability of muscle 
for potassium is low. After 4 hours the content of labeled potas- 
sium per gm. of muscle was less than half of the concentration in 
the blood. The constant rate of increase of labeled potassium in 
muscle indicates the essential participation of potassium in muscle 
metabolism. 

5. Excretion of labeled potassium through the kidney takes 
place at the moderate and nearly constant rate of about 6 to 7 
per cent per day. The kidney accumulates a definite content of 
potassium as soon as it appears in the circulation and maintains it 
for a considerable length of time. Apparently the labeled potas- 
sium becomes mixed with and subsequently has the same fate as the 
potassium already present in the body. Under the conditions of 
the present experiments, the urinary excretion of the labeled potas- 
sium is a measure of the rate of the endogenous potassium metab- 
olism of the body. 


This investigation was aided by a grant from the Rockefeller 
Foundation and by Works Progress Administration laboratory 
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THE LOSS OF CARBON FROM EXCISED RHUBARB 
LEAVES DURING CULTURE* 


By HUBERT BRADFORD VICKERY anv GEORGE W. PUCHER 


(From the Biochemical Laboratory of the Connecticut Agricultural Experiment 
Station, New Haven) 


(Received for publication, March 15, 1939) 


When excised leaves are cultured in water or in nutrient solu- 
tions in darkness, prompt and extensive changes in composition 
take place. In general, unless an excess of sugar is supplied, there 
is a considerable loss of organic solids due to respiration, and it is 
usually assumed that the carbon dioxide eliminated is derived 
from the oxidation of the carbohydrates of the tissues (1). 

The possibility that other components may also be involved has 
only in recent years received much attention. Yemm, for exam- 
ple, has shown (2) that the respiration of barley leaves, although 
apparently almost entirely a matter of carbohydrate oxidation 
during the first 24 hours of culture in darkness, subsequently 
draws upon other substances, and the behavior of the several 
nitrogenous fractions led him to infer that the products of protein 
hydrolysis were concerned. Our own studies of tobacco leaves 
(3, 4) have pointed to a similar conclusion. 

Gregory and Sen (5) have recently studied the rate of respira- 
tion and its relationship to the chemical composition in a series 
of leaves of barley plants grown with complete control of the inor- 
ganic nutrients supplied. Each successive leaf was sampled as 
it attained full development and the data were subjected to a 
thorough statistical analysis. They found a high positive corre- 
lation between the respiration rate and the protein content in 
plants grown at different levels of deficiency of nitrogen and of 
potassium, with phosphorus maintained at a constant optimal 
level. Richards (6) extended the series to the study of potassium 


* A portion of the expense of this investigation was borne by the Car- 
negie Institution of Washington. 
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and phosphorus deficiency with nitrogen constant and optimal, 
and has likewise observed a similar highly significant positive cor- 
relation. It was concluded that the respiration rates of young 
but fully developed leaves, under conditions of normal nutrition 
or of only moderate deficiency, are dependent almost entirely 
“on some aspect of their nitrogen metabolism, and are nearly inde- 
pendent of their carbohydrate level.’’ Under conditions of ex- 
treme potassium or phosphorus deficiency the leaves are small 
and contain a lower proportion of protein and a higher propor- 
tion of amino nitrogen. With such abnormal leaves the content 
of reducing sugar plays an important part in determining the 
respiration rate. Richards pointed out that the simple view that 
protein nitrogen is merely a measure of the mass of protoplasm 
respiring, or of the enzyme systems concerned, is not adequate to 
account for the observations. The relationship between protein 
content and respiration is reciprocal, each being dependent on 
the other. Other components of the tissue that might be assumed 
to influence the rate of respiration varied between wide limits 
under the different nutritive conditions but were without effect 
upon this relationship. 

Gregory and Sen have proposed as an interpretation of these 
findings a cyclic scheme of generalized reactions according to 
which protein synthesis and hydrolysis follow separate paths. 
The products of sugar decomposition are supposed to enter this 
cycle in part probably as organic acids which in turn give rise to 
amino acids and amides. Amino acids produced from the pro- 
tein are oxidized more or less completely to carbon dioxide, am- 
monia, and water and provision is also made for carbon dioxide 
eliminated as a result of the decarboxylation of organic acids that 
arise from the sugar. The rate at which the cycle of protein 
synthesis and decomposition is traversed is held to be rapid. The 
ammonia set free by the oxidative deamination of amino acids 
from the protein combines with products of carbohydrate metab- 
olism to form amides and these ultimately contribute to the syn- 
thesis of protein through amino acids, while the carbon residues 
that remain are respired away. The output of carbon dioxide is 
thus controlled by the rate at which the protein cycle is traversed 
and this determines the rate at which carbohydrates are oxidized. 
The carbon dioxide may or may not originate mainly from the 
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amino acids, but in all cases there is a general regulatory process 
at work which governs the whole interrelated mechanism. 

That proteins may be concerned in the respiration of plants is 
by no means a recent view. It was suggested as a possibility by 
Borodin (7) more than 60 years ago and has received occasional 
attention since that time (8, 9). In general, however, data in the 
literature suggest that respiration, during the period immediately 
after excision of the leaves, appears to draw almost exclusively 
upon the carbohydrates, the proteins being affected only after the 
lapse of considerable time. 


EXPERIMENTAL 


The study of the changes that take place in the composition of 
rhubarb leaves during culture under various conditions, certain 
phases of which have already been described (10), afforded us an 
opportunity to inquire into the effects upon the distribution of 
carbon among the different components of the tissue. The tech- 
nique and analytical methods employed in these experiments have 
been indicated in previous papers (4). For the present study the 
total carbon of both dried blade and petiole tissues was deter- 
mined by a slight modification of the wet combustion method of 
Friedemann and Kendall' (11). In addition the residual carbon 
was determined in samples of the same tissues from which soluble 
components had been removed by continuous extraction with hot 
75 per cent alcohol. The soluble carbon could then be obtained 
by difference. 

The results of these analyses for the samples of leaves collected 
in 1936 and 1937 and cultured under various conditions together 
with the total nitrogen values are shown in Tables land II. The 
composition of the samples with respect to protein, glutamine 
amide, and other forms of nitrogen, organic acids, and carbohy- 
drates had been determined and it was therefore possible to cal- 


1 The modifications consisted of the substitution of a more concentrated 
alkali solution (4 N) for the absorption of the carbon dioxide, and of the 
manometric method of Van Slyke for the determination of the carbonate. 
Difficulties from the distillation of acid fumes which might affect a titra- 
tion method were thereby avoided. Samples of 0.100 gm. were oxidized 
for 45 minutes; control analyses of pure substances and of plant tissues of 
known carbon content gave satisfactory results, the reproducibility of the 
determinations being within 2 per cent of the quantity of carbon estimated. 
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culate the distribution of the carbon among the several compo- 
nents. 

The data for the changes, within certain arbitrarily selected 
intervals of time, of the carbon content of the components of the 
samples collected in 1936 are shown in Table III. In calculating 
the composition, the protein nitrogen was multiplied by the con- 
ventional factor 6.25 and the protein was assumed to contain 50 
per cent of carbon. The soluble carbohydrate was assumed to 
have the same composition as glucose. The carbon of malic and 
citric acids was obtained from the direct determinations of these 
substances and the glutamine of protein origin was calculated on 
the assumption that rhubarb leaf proteins yield 8 per cent of their 
nitrogen in the form of glutamic acid? on acid hydrolysis but that 


Carbon and Nitrogen Content of Rhubarb Leaves during Culture in Water in 
Darkness (1936 Series) 


The figures are given in gm. per kilo of fresh weight of whole leaves. 


Blade, total C............... 19.63 | 18.26 | 17.23 | 15.77 | 15.79 
Petiole, total C...............| 20.52 | 19.68 | 19.43 | 18.65 | 15.28 
Blade, insoluble C............| 11.00 | 11.00 9.67 8.00 8.27 
Petiole, insoluble C..........., 9.66 | 9.66 | 9.39 | 10.12 | 9.08 
Blade, total N................| 1.99 | 2.02 | 1.78 | 1.85 | 1.78 
Petiole, total N.............. 0.81 | 0.75 | 0.96 | 1.03 0.96 


this is liberated during intracellular enzymatic hydrolysis in the 
form of glutamine. The glutamine of other origin was calculated 
from the total glutamine amide nitrogen by deducting that from 
the protein. The “other alcohol-soluble”’ carbon was obtained 
from the total soluble carbon by subtracting the sum of the car- 
bon of the carbohydrates, the glutamine, and the citric and malic 
acids.* 

2Thig is an average value estimated from many closely agreeing 
analyses of various leaf proteins and was communicated to us by Professor 


Chibnall. 

* This calculation involves the assumption that the whole of the citric 
and malic acids was extracted by the diluted alcohol. Tests have shown 
that this is not strictly the case but the error is not large and affects only 
the “other alcohol-soluble’’ carbon, making this a little low, and the 
“‘aleohol-insoluble non-protein” carbon, making this a little high. 
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The alcohol-soluble fraction contains the relatively small 
amount of unknown organic acids, the soluble oxalic acid, the 
amino acids other than glutamine, and such components as the 
chlorophyll and yellow pigments, purines, betaines, bases, as well 
as other unknown soluble material. The “alcohol-insoluble non- 
protein” fraction was obtained by deducting the protein carbon 
from the insoluble carbon. It contains the cellulose, hemicellu- 
lose, pectins, and other complex substances of carbohydrate 
affiliations together with an appreciable quantity of material of 
unknown chemical nature.‘ 

In the first 24 hours of culture, the leaves studied in 1936 lost 
1.37 gm. of carbon from the blade and 0.84 gm. from the petiole 
or 2.21 gm. in all (Table III, Columns 1 and 5). The carbohy- 
drate loss can account for only 0.98 gm. of carbon and it is clear 
that substances other than simple sugars were involved in the 
respiration even from the beginning. There was a large loss of 
“other alcohol-soluble” components from the blade, and this can- 
not be entirely accounted for as transport to the petiole since the 
“other alcohol-soluble’’ components of the petiole also diminished 
appreciably. The glutamine metabolism in this period made 
very small demands on the soluble carbon, and it is evident that 
the carbon lost from the leaves was due not only to oxidation of 
carbohydrates, but of other unknown alcohol-soluble components 
and probably of a little malic acid as well. The sum of the losses 
of these accounts quite accurately for the total carbon loss. 

In the period from 24 to 72 hours, the loss of carbon from the 
blade was 1.03 gm., that from the petiole 0.25 (Columns 2 and 6). 
There was a loss of 1.15 gm. of protein carbon from the blade 
but this was only partly compensated by the gains of 0.127 gm. 
of glutamine carbon and of 0.15 gm. of “other alcohol-soluble”’ 
carbon. The “other alcohol-soluble” carbon of the petiole, 
however, increased by 0.77 gm., and the data for the nitrogen 
show that about 0.2 gm. of nitrogen was transported from the 
blade to the petiole. Accordingly transport of an appreciable 


‘Many of the data from which the carbon values were calculated have 
been given in two previous papers (10). The complete analytical data, 
together with the calculations of the carbon distribution from which the 
differences shown in Tables III and IV were obtained, are to be given in a 
forthcoming bulletin from this Station (12). 
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quantity of carbon from the blade to the petiole probably also 
occurred and the changes can be considered only in terms of the 
whole leaf. The protein changes, however, took place almost 
exclusively in the blade. The loss of 1.28 gm. of carbon from the 
whole leaves probably includes the net loss of 0.54 gm. of carbo- 
hydrate carbon; the balance may have been made up by the 0.51 
gm. of alcohol-insoluble carbon and the small malic acid loss. 
On the other hand, if some of the increased quantity of “other 
alcohol-soluble” carbon in the petiole were derived from the 
decomposition of the alcohol-insoluble non-protein fraction, i.e. 
the pectins, etc., it is quite possible that a part of the carbon of 
the protein may have been respired. It is impossible to decide 
between these views with the evidence at hand. 

In the period from 75 to 165 hours, the loss of carbon from the 
blades was 1.46 gm. and from the petioles 0.78 gm. (Columns 3 
and 7). The loss of carbohydrate carbon was 0.88 gm., mostly 
from the petiole, and accordingly, if this were entirely due to 
respiration, it remains to find the origin of the 1.36 gm. of carbon 
that also disappeared. A clue to what may have happened is 
provided by the glutamine metabolism. The increase in gluta- 
mine in this period was rapid and amounted to 0.43 gm. of carbon 
in the blade and 0.14 gm. in the petiole other than that which 
may have been derived directly from the protein. If this newly 
synthesized glutamine arose from the reaction of ammonia with 
products of the metabolism of the organic acids and carbohy- 
drates,’ the whole of the carbon of the malic and citric acids and 
of the soluble carbohydrate of the blades would be needed. Thus 
the loss of 1.46 gm. of carbon from the blade due to the combined 
effects of transport to the petiole and of respiration can be ac- 
counted for only if it is assumed that much of the 2.2 gm. of 
protein carbon that disappeared as such was involved. It is 
thus difficult to escape the conclusion that an appreciable part of 
this protein carbon contributed to the respiration in the blade. 
With respect to the petiole, either the malic acid or the carbo- 
hydrate alone would have been sufficient to account for nearly 


5 Hypotheses to account for this have been described by Chibnall (13) 
and are discussed in the light of the present data in another publica- 
tion (12). 
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all of the loss of 0.78 gm. of carbon. It is probable that both 
were concerned. 

In the last period, from 165 to 261 hours, loss of carbon from 
the blade ceased. The blade tissue became brown at this time 
and this is usually taken as evidence of death of the cells; the ces- 
sation of any detectable loss of carbon from the blades either by 
transport or by respiration confirms this view. In the petiole, 
on the other hand, the carbon loss was no less than 3.3 gm. The 
detailed data suggest that several components contributed to this 
loss and it seems evident that nearly half of it came from the 
oxidation of malic acid. 

The chemical changes involved in the respiration of these 
leaves are obviously complex. In the early stages of the culture, 
it is clear that the carbohydrates carried a considerable share of 
the load but by no means all of it. Direct participation by the 
protein was not definitely evident until late in the period studied 
in this particular experiment, although it is possible that deamina- 
tion products may have been drawn upon fairly early. In general, 
however, the results with this series of leaves do not emphasize 
this conclusion and resemble more closely those obtained by 
Deleano in his work with vine leaves. 

The results of the carbon determinations on the material col- 
lected in 1937 were strikingly different. These leaves contained 
a much smaller proportion of soluble carbohydrates initially 
and the respiration drew upon a wide variety of the blade com- 
ponents even in the first 25 hours. The data of three experiments 
carried out respectively in water in darkness (DW), in 0.3 m 
glucose in darkness (DG), and in water in light (LW), are shown 
in Table IV. In the DW experiment, during the initial period of 
25 hours, the carbohydrates could have supplied only about one- 
fifth of the carbon loss from the blade of 0.80 gm. (Column 1) 
and similar small proportions may have been derived from the 
“other alcohol-soluble’”’ and from the alcohol-insoluble compo- 
nents. In spite of a digestion of protein to the extent of 0.25 gm. 
of carbon, the “other alcohol-soluble” fraction decreased. There 
was a small net loss of glutamine and appreciable losses of organic 
acids took place. Thus it is quite possible that some of the carbon 
compounds derived from the protein may have been completely 
oxidized even at this early stage of the culture. In the petiole 
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nearly half of the carbon loss of 1.08 gm. was clearly derived from 
the carbohydrates, the balance being made up from the two 
unknown fractions. The malic acid, however, was not drawn 
upon at all. 

In the second period (Column 2), the blades lost 1.91 and the 
petioles gained 0.51 gm. of carbon; transport of a considerable 
amount of organic substance must therefore have occurred. The 
nitrogen data indicate that after 93 hours approximately 0.2 gm. 
of nitrogen had been transported along with this carbon. If 
it be assumed that the carbohydrate that disappeared from the 
leaves was respired, the net loss of total carbon shows that some- 
what more than | gm. of carbon in forms other than carbohydrate 
was consumed in this way. The protein of the blade lost 1.35 
gm. of carbon of which 0.15 probably remained as glutamine. 
The “other alcohol-soluble” carbon in the blade diminished slightly 
instead of increasing proportionately to the protein loss, and, 
accordingly, about 1.1 gm. of protein carbon must have been 
either transported to the petiole or respired. The “other alcohol- 
soluble” carbon of the petiole did increase by 0.78 gm. and this 
may furnish a measure of the amount of protein carbon trans- 
ported, but the deficit of 0.32 gm. of protein carbon could scarcely 
have had any fate other than respiration. This estimate is mini- 
mal unless it is also assumed that carbon of protein origin was 
transported to the petiole, there to be converted into alcohol- 
insoluble substances. 

In the final period (Column 3) the loss of 1.24 gm. of carbon 
was about equally shared by the blades and the petioles. There 
was little evidence of transport from the nitrogen data and none 
from the carbon data. In this period, glutamine was synthesized 
in considerable amounts in the blade but the losses of organic 
acids and carbohydrates were far too small to account for the 
change and it seems likely that substances included in the “other 
alcohol-soluble”’ fraction were drawn upon. If, in addition, the 
increase in “‘alcohol-insoluble’’ carbon were derived from this 
fraction, the greater part of the loss of 0.78 gm. of protein carbon 
must have been due to respiration. On the other hand, if the 
protein contributed to the alcohol-insoluble material, a smaller 
part of it was respired. In either case, however, some of the 
protein carbon must have contributed to the respiration. In the 


1 
] 
i 
I 
0 
1 
| 
if 
it 
k 
tl 
n 
| of 
re 
| al 
bl 
| ne 
m 


H. B. Vickery and G. W. Pucher 697 


petiole it is clear that the carbon other than carbohydrate carbon 
lost may have been derived from either or both the malic acid and 
the “‘other alcohol-soluble” substances. 

Consideration of the data for the leaves cultured in glucose 
solution is complicated by the advent of sugar. The quantities 
of carbon that entered the leaves in this form, as determined by 
analysis of the culture solution, are shown at the bottom of 
Table IV (Columns 4 to 6). In the first 25 hours, although 1.9 
gm. of new carbon entered, the leaves lost 1.27 gm.; hence the 
total amount of carbon respired must have been 3.2 gm. There 
is evidence that nitrogen was transported from the blade to the 
petiole in this interval and the failure of the soluble carbohydrate 
of the blade to diminish suggests that some of the newly acquired 
glucose may have reached the blade. Accordingly it is difficult 
to disentangle the changes due to transport from those due to 
respiration. However, it is clear that hydrolysis of the blade 
protein was greatly stimulated as compared with that of the pro- 
tein in the DW culture, but there was no corresponding increase 
in the carbon of soluble components in the blade; these in fact 
diminished. Thus the 1.68 gm. of carbon lost from the blade were 
mostly drawn from the protein and the alcohol-insoluble fraction. 
The increases in carbohydrate and malic acid in the petiole are 
obvious results of the glucose metabolism in this organ, but of the 
1.91 gm. of new glucose carbon only 0.74 gm. can be thus ac- 
counted for, and the fate of 1.17 gm. remains to be decided. Even 
if this were all respired, 2 gm. of additional carbon from the orig- 
inal components of the leaves must also have been completely 
oxidized and it seems highly probable, therefore, that much of the 
loss of protein carbon was due to respiration. The possibility 
that the protein was drawn upon for respiration in spite of the 
presence of glucose derived from the culture solution is especially 
noteworthy. 

In the period from 25 to 93 hours the leaves acquired 2.65 gm. 
of glucose carbon and increased in net carbon by 1.86 gm. The 
respiration loss was therefore only 0.8 gm. and it is difficult to 
allocate this small quantity. The soluble carbohydrate of both 
blade and petiole diminished but the increases in the other compo- 
nents show that the glucose either entered into or stimulated 
many complex reactions. The blade protein diminished and it is 
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possible that some of the products of hydrolysis were respired, 
although this cannot be demonstrated from the data. 

In the final period (Table IV, Column 6), although glucose 
absorption continued, there was a net loss of carbon and the total 
respiration loss must have been of the order of 1 gm. of carbon. 
A part of this was probably contributed by the malic acid of the 
petiole but most of the glucose must have been used in the petiole 
to form soluble and insoluble components. The blades lost 
0.94 gm. of carbon mostly derived from the protein and there 
seems little doubt that a considerable part of this loss was due 
to respiration. There was no indication of transport of nitrogen 
from the blade, so that transport of any substantial amount of 
carbon is improbable. 

The data for the leaves cultured in light (Table IV, Columns 7 
to 9) include no measure of the carbon acquired by photosynthesis 
and interpretation in detail is therefore less satisfactory. In the 
first 25 hours, in spite of photosynthesis, the leaves lost 2.13 gm. 
of carbon, nearly all from the blade, and the actual respiration 
loss must have been appreciably larger. Transport of nitrogen 
and of carbon out of the blade was especially active. The petiole 
gained 0.57 gm. of malic acid carbon, probably derived from the 
metabolism of products of photosynthesis or from the carbohy- 
drate. The combined losses of the carbon of unknown alcohol- 
soluble and insoluble components were 1.2 gm. and the loss of 
carbohydrate carbon was 0.53 gm. The latter quantity is offset 
by the gain in malic acid. Thus about 0.8 gm. of carbon lost 
from the leaves must have had some other source. The loss of 
protein carbon was 0.77 gm. and it seems clear that much of it 
must have entered into the respiration even at this early stage of 
culture in light. 

In the period from 25 to 93 hours (Column 8) photosynthesis 
predominated over respiration and a considerable accumulation of 
various components occurred in the petiole. The loss of 0.92 
gm. of carbon from the blade was chiefly due to the loss of 0.95 
gm. of protein carbon. Doubtless much of this was transported 
to the petiole but the significant point is that although these 
leaves were supplied with products of photosynthesis, the blade 
protein was nevertheless rapidly hydrolyzed. There is no clue 
to the amount of carbon lost by respiration, but the cessation of 
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the initial rapid loss of alcohol-soluble and insoluble products 
that took place in the Ist day shows that the general course of 
metabolism must have undergone a marked change. The 
synthesis of a moderate quantity of protein in the petiole is par- 
ticularly striking. 

In the last period (Column 9), respiration again outstripped 
photosynthesis and the leaves lost as much as 1.5 gm. of carbon. 
Transport of considerable nitrogen and probably also of carbon 
from the blade continued and regeneration of protein in the 
petiole was still detectable. Of the net loss of carbon, only 0.13 
gm. could have been derived from carbohydrate and the losses 
can be accounted for only to the extent of 0.86 gm. by assuming 
that the malic acid and “other alcohol-soluble’’ components were 
respired. Even if 0.2 gm. of carbon from the alcohol-insoluble 
fraction in the petiole is included, it is still necessary to assume 
that about 0.5 gm. of protein carbon from the blade was also 
involved in the respiration. 


DISCUSSION 


The present analytical results indicate that the respiration of 
detached leaves in culture is an extremely complex phenomenon. 
The exact course of the respiration with respect to the nature of 
the tissue components that are oxidized may vary widely even 
from the beginning of the culture period according to the initial 
composition and the conditions. Although carbohydrates seem 
indeed to be the first point of attack, they supply only a fraction 
of the total loss of carbon. When, as in the 1936 samples, the 
initial supply of carbohydrates is reasonably high, it is difficult 
to demonstrate that the protein shares in the oxidation reactions 
until many hours have elapsed, although hydrolysis of the protein 
may and usually does begin quite early (4). On the other hand, 
if the leaves are initially somewhat deficient in carbohydrates, 
as was the case with the 1937 samples, it is possible to show that 
the hydrolytic products of the protein soon contribute to the loss 
of carbon dioxide. It is also especially striking that, even when 
glucose is supplied in culture in the dark or when products of 
photosynthesis are made available by exposing the leaves to light, 
hydrolysis of the blade protein likewise occurs and may even be 
stimulated and the products of hydrolysis are also drawn upon 
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in the same way. It would appear that the residues that remain 
after the preliminary oxidative deamination of the amino acids 
are to only a limited extent available for subsequent synthetic 
reactions and are accordingly completely oxidized presumably by 
mechanisms analogous to those of ordinary fatty acid oxidation. 

These findings correspond in general outline with the views of 
the chemical mechanism of leaf respiration suggested by Gregory 
and Sen. If it be assumed that, in the normal leaf, protein 
synthesis balances decomposition, only the share in the general 
scheme of reactions borne by the organic acids and especially the 
carbohydrates is obvious. In the detached leaf, however, pro- 
tein synthesis is apparently much restricted or may even be sus- 
pended entirely. Thus the composition of the tissue soon be- 
comes, as it were, distorted and reactions of kinds that are not 
usually regarded as characteristic of normal tissue may become 
evident. 

The effects of respiration in the blade tissue were quite different 
from those in the petiole. The blades are provided with a rela- 
tively large proportion of protein and, regardless of any hypoth- 
esis of continuous decomposition and regeneration, this entered 
into reaction early in the culture period. In the petioles, on the 
other hand, the proportion of protein is much less and the quan- 
tity present seems to have been scarcely affected during culture 
in darkness for many hours while in light there was a definite 
increase. In general the carbon dioxide eliminated from the 
petiole tissue seems to have arisen from the soluble carbohydrates, 
the malic acid, and, in part, also from alcohol-soluble substances 
of unspecified chemical nature. Even the alcohol-insoluble com- 
plex carbohydrates may have contributed. 

The increase in the protein content of the petioles of the leaves 
cultured in light, a phenomenon that has also been observed in 
the petioles of nasturtium leaves by Michael (14), may have sig- 
nificance in connection with the respiration if the views of Gregory 
and Sen may be applied to this tissue. It would appear that rhu- 
barb petiole tissue, even after excision from the plant, retains a 
considerable capacity to bring about protein synthesis. In the 
petioles of the leaves cultured in darkness, this capacity was 
sufficient to balance the hydrolyzing activities quite closely. In 
light, on the other hand, the supply of products of photosynthesis, 
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which led in the period between 25 and 93 hours (Table IV, Col- 
umn 8) to an increase of about 2 gm. of carbon in spite of possible 
respiration losses, provided an opportunity for the synthesizing 
mechanisms to outstrip the hydrolysis and this continued even 
into the final period. Although respiration in the blades of these 
leaves probably did draw to some extent on carbon residues of 
protein origin, in the petiole the carbon lost was undoubtedly 
supplied by the consumption mainly of carbohydrates and or- 
ganic acids. 

Gregory and Sen have given their views only in the form of a 
highly generalized schema without specification as to the exact 
nature of the chemical reactions that may be involved. At the 
present time, when analytical data are expressed in terms of gm. 
of carbon or of nitrogen belonging frequently to substances of 
only vaguely recognized chemical character, a more precise form 
of expression is perhaps hardly justified. Nevertheless such at- 
tempts as those of Chibnall (13) to apply the Krebs and Johnson 
citric acid cycle (15) to the explanation of some of the details of 
plant cell respiration indicate the direction in which further 
progress is to be made. The present results with rhubarb leaves 
clearly indicate that the full explanation when obtained will be 
far from simple. 


SUMMARY 


The results of determinations of total carbon and of insoluble 
carbon in a series of leaves of the rhubarb plant are discussed in 
terms of the losses of carbon due to respiration that take place 
when the leaves are subjected to culture under various conditions. 
It is shown that respiration draws upon components other than 
carbohydrates even when leaves of reasonably high initial carbo- 
hydrate content are taken. With leaves of low initial carbohy- 
drate content it is possible to demonstrate that an appreciable 
part of the carbon lost by respiration originated from the proteins 
of the blade tissue. These were hydrolyzed promptly in all cases 
and it is suggested that the residues that remain after oxidative 
deamination of the amino acids may be more or less completely 
oxidized subsequently. 

Culture of the leaves in glucose solution or in water in light had 
little effect upon the rate of hydrolysis of the protein save possibly 
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to stimulate the initial phase, and, in spite of the additional 
supplies of carbohydrates thus furnished to the leaves, evidence 
that a part of the protein carbon was respired could still be ob- 
tained. Thus even when carbohydrate is supplied to the leaves, 
respiration may still draw upon a wide assortment of components 
of the tissues. 

Speculative and highly generalized relationships between carbo- 
hydrates, organic acids, and proteins on the one hand and respira- 
tion on the other hand have been recently suggested by Gregory 
and Sen. The present results are found to be in general agree- 
ment with the views they have expressed, although no information 
with respect to detailed chemical mechanisms has been secured. 
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THE METABOLISM OF AMIDES IN GREEN PLANTS* 
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The explanation of the formation of amides in green plants is 
one of the oldest problems of plant biochemistry. Since the dis- 
covery in 1806 of asparagine in asparagus shoots by Vauquelin 
and Robiquet (1) and the demonstration in 1848 by Piria (2) of 
the derivation of this substance in seedlings from the proteins of 
the seeds and of its chemical relationship to malic acid, asparagine 
and its later discovered homologue glutamine (3) have been re- 
peatedly investigated. Schulze (4) in 1898 expressed the view 
that these substances arise in seedlings from the reaction of am- 
monia, derived from the amino acids of the seed protein, with 
nitrogen-free nutrients, and that they serve as easily transport- 
able substances eminently suited to provide nitrogen for protein 
regeneration in the growing parts of the plant. Prianischnikow 
and Schulow (5) in 1910 first suggested that an important func- 
tion of the amides was to provide a means for the disposal of 
ammonia which otherwise might accumulate in high concentration 
and prove toxic. This idea was later developed in considerable 
detail (6, 7) and was supported by remarkably able experimenta- 
tion with seedlings grown in nutrient solutions that contained 
ammonia ((8) pp. 762-767). 

Schulze’s view that the carbon compound which combines with 
ammonia to form the amide has its origin from carbohydrates 
was given direct support by the pioneer work of Suzuki (9) with 
fully developed plants and the extensive labors of Prianischnikow 
with seedlings confirmed this assumption, but the details of the 


*A portion of the expense of this investigation was borne by the 
Carnegie Institution of Washington. 
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chemical mechanism of the conversion remained obscure, although 
several investigators (5, 10) had made the suggestion that suc- 
cinic, malic, or fumaric acid may be the intermediate compound 
concerned. A direct experimental attack on this aspect of the 
problem was made in 1933 by Mothes (11) who infiltrated solu- 
tions of the ammonium salts of these and of various other related 
organic acids into leaves and observed an increase in asparagine 
amide nitrogen. Schwab (12, 13) later showed, however, in 
carefully controlled parallel experiments, that ammonium sulfate 
was as effective as the salts of the organic acids in this respect 
and maintained that, although the ammonia was undoubtedly a 
determining factor in amide synthesis, there was no convincing 
evidence that the organic acid supplied actually furnished the 
carbon chain of the newly formed asparagine. 

In a recent discussion of this problem (8) it was pointed out 
that present day views of intermediary metabolism indicate that 
the most probable immediate precursor of an amino acid is the 
corresponding a-keto acid (14). Thus the search for the pre- 
cursors of the two amides narrows to a search for mechanisms 
whereby oxaloacetic acid and a-ketoglutaric acid may be pro- 
duced in the tissues. These, in the presence of ammonia and of 
suitable enzyme systems, would be expected to yield respectively 
asparagine and glutamine. 

Chibnall, in his exhaustive discussion of protein metabolism 
in plants (15), has considered amide metabelism from this point 
of view and has suggested the citric acid respiration cycle of 
Krebs and Johnson (16) as a chemical mechanism whereby both 
oxaloacetic acid and a-ketoglutaric acid may be rendered available 
for reaction with ammonia. According to this conception carbo- 
hydrates undergo transformation to 3-carbon products of which 
pyruvic acid is the most important for the present purpose. This 
is supposed to combine with oxaloacetic acid to form citric acid 
(17) which is then transformed through aconitic and isocitric 
acids to a-ketoglutaric acid (18). This in turn is oxidized by the 
Warburg-Keilin system to succinic acid which is subsequently 
transformed through malic and fumaric acids back to oxaloacetic 
acid (19). If such a system of enzymatic transformations is 
indeed at the basis of carbohydrate respiration, it is clear that a 
mechanism is provided whereby carbohydrate enters the cycle 
via pyruvic acid, oxygen enters at the transformation of a-keto- 
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glutaric acid to succinic acid, and carbon dioxide is eliminated 
during several of the interconversions as the result of decarboxyla- 
tion reactions. Each of the individual components of the system 
has been shown to stimulate the respiration of various animal 
tissues and many of the transformations have been demonstrated 
to be brought about by enzyme systems present in both plants 
and animals. Furthermore nearly every intermediate considered 
is more or less well known as a component of plant tissues, in 
particular in leaves. 

This scheme provides an important clue to the solution of the 
problem of amide metabolism. If it or some analogous series of 
transformations actually does take place in plants, the mechanism 
for the formation of the most probable immediate precursors of 
the two known amides becomes clear. Furthermore these pre- 
cursors arise from the carbohydrates through the organic acid 
metabolism, a concept that is in agreement with many experi- 
mental observations on the formation of amides. The most im- 
portant point is, however, that the production of these substances 
is a function of the respiration and this idea throws a clear light 
on many findings that have hitherto proved incomprehensible. 

On this view the emphasis upon amide formation as a mecha- 
nism to maintain ammonia at a low level—the “detoxication” 
hypothesis of Prianischnikow—is entirely removed. Although 
this hypothesis has been very useful in attempts to interpret the 
behavior of the amides in many species (8, 11, 13, 20, 21), it does 
not account for the behavior of ammonia and of glutamine in the 
rhubarb leaf (22, 23). Specimens of this plant examined in this 
laboratory contained when collected 15 per cent or more of their 
total nitrogen in the form of ammonium ions. The proportion 
was somewhat increased during culture of the excised leaves and 
there was a considerable increase in glutamine content, but no 
evidence was secured that the ultimate death of the cells had 
anything to do with the small increase in ammonia or that syn- 
thesis of glutamine was stimulated in any striking fashion by the 
high concentration of ammonium ions present. 

Even the tobacco plant under certain conditions may contain a 
high proportion of ammonia without a corresponding increase 
in the concentration of amide nitrogen. Thus, plants grown in 
sand culture with a complete nutrient solution that supplied the 
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nitrogen as nitrate contained, in the leaves, 2.25 per cent of the 
soluble nitrogen (exclusive of nitrate nitrogen) as ammonia and 
5.06 per cent as amide nitrogen (asparagine and glutamine in 
about equal proportions). When grown with an otherwise similar 
culture solution in which 60 per cent of the nitrogen was supplied 
as ammonia and 40 per cent as nitrate, the plants were equally 
large and healthy but the ammonia nitrogen was 10.3 per cent of 
the water-soluble nitrogen although the amide nitrogen remained 
essentially unchanged at 5.5 per cent. When the proportion of 
the nitrogen supplied as ammonia was increased to 80 per cent, 
the plants were slightly smaller but the ammonia nitrogen in 
the leaves was increased to 26.6 per cent of the soluble nitrogen, 
while the amide nitrogen had increased to only 6.8 per cent. Thus 
normal healthy plants of tobacco may contain any proportion 
up to 26 per cent of the soluble nitrogen as ammonia when freshly 
collected without significant effect upon the level of the amide 
nitrogen. The plants grown with a high proportion of ammonia 
in the nutrient solution resembled rhubarb leaves to some extent 
in their nitrogenous composition but were by no means to be 
classified as “acid plants’ (24). The reaction of the extract from 
the leaves was at pH 5.21 as compared with 5.47 for the nitrate 
controls. 

Thus it seems clear that Prianischnikow’s view that the syn- 
thesis of amides results from the effort of the cells to maintain a 
low level of ammonia nitrogen is not in accordance with the ob- 
servations on rhubarb leaves or upon certain specially grown 
tobacco leaves analyzed immediately after collection. Further- 
more it does not suffice to account for the behavior of excised 
rhubarb leaves subjected to culture under various conditions. 
Burkhart (25) has also expressed dissatisfaction with this hy- 
pothesis as an explanation of the behavior of the amides of 
seedlings. 

On the other hand if amide synthesis is regarded as an expres- 
sion of the availability respectively of oxaloacetic and a-keto- 
glutaric acids, these being supplied in the course of the respira- 
tion of the tissues, the wide variations in the behavior of different 
tissues, or of the same tissue under different circumstances, be- 
come intelligible. 

The respiration of excised leaves in culture is by no means 
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merely a matter of carbohydrate oxidation. This has been dis- 
cussed in another paper (26) in which it is shown that a wide 
variety of the components of rhubarb leaves may be drawn upon 
for the carbon dioxide that is eliminated. Although it seems 
safe to assume that the soluble carbohydrates are earliest involved 
and probably do furnish a considerable part of the carbon lost, 
this depends to a large extent on how rich the leaves were in 
such components at the start. Even the residues from the deami- 
nation of amino acids produced by hydrolysis of the proteins may 
become involved, and it was possible to demonstrate this clearly 
in the case of rhubarb leaves that were initially somewhat low 
in soluble carbohydrates. Furthermore even with rhubarb leaves 
comparatively rich in carbohydrates, it was shown that a part of 
the carbon eliminated in the course of respiration was derived 
from soluble and insoluble components that were not reducing 
substances, and also that some of the load was borne by the or- 
ganic acids, particularly by the malic acid in the petioles. 

Thus repiration may in certain circumstances draw heavily 
upon many types of leaf components including the proteins. If 
the Krebs citric acid cycle be regarded as a model of the types of 
reaction that may take place, and the modifications of Chibnall 
are included which show how fat and protein components may 
enter the cycle after oxidation to such substances as succinic acid 
or a-keto acids, a mechanism is obtained which provides for a 
supply of the two substances fundamental to the synthesis of 
asparagine and glutamine, namely oxaloacetic acid and a-keto- 
glutaric acid. These may accordingly be derived in many dif- 
ferent ways, and whether either or both arise is clearly a matter 
of the initial composition of the plant material, of the specific 
nature of its metabolism, and of the conditions under which it is 
studied. 

It remains to be seen whether this view is in accordance with 
the observed behavior of plant tissues. The critical experiment 
of infiltrating leaf tissue with the ammonium salt of a-ketoglutaric 
acid and demonstrating the simultaneous decrease of this sub- 
stance and increase of glutamine has been successfully performed 
by Chibnall and his associates (15). The evidence was not abso- 
lutely conclusive since respiration of the tissue during the experi- 
mental period brought about a loss of carbohydrates and these 
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may conceivably have provided the carbon chain of the glutamine; 
this, however, seems highly improbable. 

The classical example of amide synthesis in seedlings is difficult 
to discuss, since there are few data in the literature that have 
been obtained with due consideration of the properties of 
glutamine. If methods of extraction with hot solvents are em- 
ployed, or if ammonia determinations are made by the technique 
of aeration from strongly alkaline solutions, more or less decompo- 
sition of this substance inevitably occurs and thus artificially 
enhanced values for ammonia nitrogen and depressed values for 
amide nitrogen are obtained. An example that may be due to 
this is to be found in Burkhart’s data (25) which show a greater 
relative enrichment in ammonia in the case of pumpkin seedlings 
(known to contain glutamine (4)) than in yellow lupine seedlings 
which are mainly asparagine-forming plants. Nevertheless Burk- 
hart’s demonstrations that amides increase and that ammonia 
derived from the culture solution is utilized during the period 
when ample reserves of protein, fat, or carbohydrate were still 
present while, in the later periods when the stores of fat or carbo- 
hydrate had become depleted, ammonia accumulates and even 
the amides themselves may be partly decomposed are in agree- 
ment with the view that the changes, in so far as they affect the 
amides, are a reflection of the chemical nature of the substances 
respired and accordingly of the supply of the related a-keto acids. 

Examples of the behavior of leaf tissues are to be found in 
previous papers from this laboratory. Tobacco leaves (8, 21) 
subjected to culture in darkness underwent a marked enrichment 
in asparagine while only moderate amounts of glutamine were 
formed. The protein was rapidly hydrolyzed and it has been 
shown that the nitrogen that contributed to the synthesis of the 
amides had its origin mainly in the amino nitrogen of the amino 
acids that were decomposed. For about 100 hours there was no 
significant increase in ammonia but subsequently it accumulated 
fairly rapidly. 

When the leaves were cultured in light, both glutamine and 
asparagine were formed and, even after more than 200 hours, the 
increase in ammonia was small. The protein was hydrolyzed 
as promptly as in darkness but less completely. The amide 
metabolism in the two cases was thus strikingly different; in dark- 
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ness only the precursor of asparagine was present, in light the 
precursors of both amides were formed and it seems evident that 
a-ketoglutaric acid was rendered available only as a result of the 
metabolism of the products of photosynthesis. The respiration 
in the two cases was doubtless widely different. In darkness 
only components originally present were available and, as the 
culture continued, the nature of the substances drawn upon must 
differ greatly if tobacco leaves behave in a manner at all similar 
to rhubarb leaves. It would seem, however, that the path fol- 
lowed was one that rendered only oxaloacetic acid available in 
significant amounts for reaction with ammonia. In light, on the 
other hand, the products of photosynthesis were present and the 
conversions that these underwent in the process of respiration 
were apparently such that a-ketoglutaric acid was also made 
available. 

In rhubarb leaves cultured either in light or in darkness, 
glutamine alone is formed (22). The actual losses of carbon have 
been studied with this material (26) and the respiration in both 
conditions of culture has been shown to draw upon a wide assort- 
ment of components. Nevertheless it would seem in this case that 
the mechanism is such that little or no oxaloacetic acid becomes 
available at any time for reaction with ammonia. On the other 
hand a-ketoglutaric acid is made available, but not necessarily 
at all stages of the culture. In one case the data indicated that 
a small amount of glutamine was synthesized within the Ist day 
or two but, subsequently, much of the glutamine formed appeared 
to have arisen directly from the hydrolysis of the protein. Never- 
theless in the later phases of this experiment, when the protein 
digestion and amino acid deamination reactions were proceeding 
with great intensity, glutamine was again synthesized from other 
sources and indeed very rapidly. In this case the leaves were 
initially comparatively rich in carbohydrates. In another case, 
with leaves initially poor in carbohydrates, little if any glutamine 
was formed, in addition to that which may have been directly 
liberated from the protein, until the later phases of the culture. 
In these leaves respiration was found to draw upon an even 
wider range of the initial components than in the other series 
and, in both, ammonia was present in very high concentration 
throughout. Obviously glutamine synthesis was not stimulated 
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at all by this condition but only occurred when the proper nitro- 
gen-free precursor became available in adequate amounts. This 
is unintelligible on the basis of the detoxication hypothesis but 
is readily understood if it be assumed that a-ketoglutaric acid is 
produced or, at least, made available for reaction with ammonia 
only at certain stages through the respiratory activity of the 
tissues. 

It is important to note that the view that amide metabolism is 
connected with respiration is by no means novel. It was sug- 
gested as a possibility by Boussingault in 1864 (27) and has been 
considered by several subsequent investigators. Prianischnikow 
in particular (28) was convinced in 1899 that the nitrogen atom 
that formed the amide group must have arisen from the oxidation 
of an amino acid produced by hydrolysis of the protein. In 
later papers (7), however, save for the statement that ammonia 
is produced by oxidation reactions and that the carbon chain of 
the amides arises from the metabolism of carbohydrates, he made 
no further attempt to account for the detailed mechanism of 
amide synthesis. 


EXPERIMENTAL 


Most of the data from which the conclusions discussed above 
have been drawn have been published in previous papers from 
this laboratory (8, 23), the present interpretation being a develop- 
ment of views based largely on Chibnall’s recent general discus- 
sion of protein metabolism in plants (15). The demonstration 
that tobacco plants can be produced which contain extraordinarily 
high concentrations of ammonia but which do not show ab- 
normally high concentrations of amides or any marked effect 
upon the reaction of the tissues was made by growing plants — 
(Rosenberg strain, one per pot) in sand culture with continuous 
renewal of nutrient solution. The solutions were made by dilu- 
tion of stock solutions so that the composition of the one that 
contained all of its nitrogen as nitrate was KH,PO, 9.001125 , 
KsHPO, 0.001125 m, MgSO, 0.0025 m, Ca(NO,)2 0.0045 m. To 
vary the composition with respect to the form of nitrogen, the | 
molarity of the calcium nitrate was reduced by steps and re- | 
placed with an equivalent of ammonium sulfate; in addition 
calcium chloride equivalent to the ammonium sulfate was also 
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added to preserve the calcium level unchanged. To each solu- 
tion, on being diluted to final volume, was added sufficient of 
stock solutions of salts of boron, manganese, and iron to provide 
0.25 to 0.5 part per million of each of these elements. The 
reactions of the nutrient solutions were in the range pH 5.8 to 
6.0 and they were supplied to the plants at the rate of about 800 
ml. per day as the plants matured. The pH of the effluent seldom 
dropped below 4.5 and was usually above 5.0. 


Taste 
Composition of Tobacco Leaves, at Time of First Flower-Bud Formation, from 
Plants Grown in Sand Culture Supplied with Complete Nutrient 
Solution at Fized Nitrogen and Calcium Levels but with 
Variation in Relative Proportion of Nitrate and 
Ammonia Nitrogen 
Figures not otherwise designated are gm. per w! whole plant. 


Percentage of N of nutrient solution as | | 

0 20 40 60 80 90 
Organic solids. . ...182.3 |39.7 (29.2 (29.2 (21.4 (|19.6 
Total N.. .| 2.42 | 2.98 | 2.30 | 2.23 | 1.74 | 1.58 
Organic N (total N 

Soluble organic N.. 0.521) 0.650) 0.466) 0.570 0.497 0.493 
0.012 0.019) 0.019) 0.065) 0.180) 0.169 
0.027) 0.034| 0.030) 0.035) 0.046) 0.051 
Ammonia N as % of soluble or- | 

ganic N + ammonia N.. .| 2.25 | 2.84 | 3.92 (10.3 (26.6 (25.5 
Amide N as % of soluble organic | | 

N + ammonia N. | 5. 06 | 5.08 | 6.19 | 5.51 | 6.79 | 7.70 


The plants were harvested at the time of initial flower-bud 
| formation, four to six individuals in each group. They were dis- 
sected into leaf, stalk, and root fractions and the tissues were 
dried at 80° for analysis. The data for the leaves only are given 
in Table I. The composition of the leaves of the plants grown 


on nitrate alone conforms quite closely with that of normal leaves 
from field-grown plants previously examined. The data for or- 
| ganic solids show that the plants with 20 per cent of their nitrogen 

as ammonia were somewhat larger than the nitrate controls, but 
at higher levels were only slightly smaller until the 80 per cent 
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proportion of ammonia was reached. The data for total nitrogen 
include both nitrate and ammonia nitrogen but these are deducted 
to give the “organic nitrogen’ and the “soluble organic nitrogen.” 
The percentages of ammonia and of amide nitrogen are calculated 
on the basis of the soluble organic nitrogen plus the ammonia 
nitrogen in order to conform with the method of calculation 
usually adopted in expressing such data. 


SUMMARY 


Explanations that have been advanced for the formation under 
certain circumstances of the amides asparagine and glutamine in 
plants have been discussed, and the ammonia detoxication hy- 
pothesis of Prianischnikow has been found inadequate to account 
for the behavior of the amides in ammonia-rich rhubarb leaves or 
in tobacco leaves grown under conditions that gave rise to a 
high concentration of ammonia. 

Chibnall has recently suggested that the Krebs citric acid cycle 
hypothesis proposed to account for the respiration of carbohy- 
drates in animals may be applied to the plant. This scheme of 
reactions provides means whereby oxaloacetic acid and a 
ketoglutaric acid, the most probable precursors respectively of 
asparagine and glutamine, may arise from several sources. 

On this view amide metabolism becomes a phase of the general 
respiratory activity of the tissues and undue emphasis on am- 
monia as a stimulant to the reaction is removed. It is shown that 
the behavior of the amides in leaf tissues cultured under various 
conditions is in agreement with this conception, the variations in 
the nature and rate of formation of the amides being explicable 
in terms of variations in the details of the respiratory mechanism. 
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Among the volatile products formed on fusion of dihydrolysergic 
acid (1) an indole fraction was obtained from which a picrate was 
isolated in very small amount which melted at 148-150°. The 
analytical figures obtained with it approximated those of the pic- 
rate of an indole CyHi3;N. The indole still gave the dimethyl- 
aminobenzaldehyde test and therefore presumably had the a (or 8) 
position still free (2). It was not identical with a 8-n-propylindole. 
Since it was formed in such small amounts and was very difficult 
to purify, we have turned again more recently to the previously 
reported indole acid contained in the non-volatile alkali melt, 
which was also formed in very small amount (1). 

This indole acid fraction was again prepared and subjected 
to low pressure distillation during which decarboxylation occurred. 
The resulting indole after recrystallization was finally obtained 
in very small yield with a melting point of 115-117°. A picrate 
prepared from one of the fractions melted at 185-187°. Since 
there was not sufficient of either the indole itself or its picrate 
with these melting points for analysis, analyses were obtained 
with several picrate fractions of somewhat lower melting points 
(175-183° and 164-168°). These analyses were in fair agreement 
with the figures required by a dimethylindole. Since the indole 
still gave the dimethylaminobenzaldehyde reaction, it appeared 
probable that it could be a 3 ,4-dimethylindole resulting by decar- 
boxylation of a 4-methylindole-3-acetic acid. This would be 
expected as a scission product from the structure which we have 
derived for lysergic acid. 

As a check on this conclusion the indoles were prepared from 
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m-tolylhydrazine and propionaldehyde. Mendlik and Wibaut 
(3) had previously attempted the same synthesis and obtained 
but one substance (m.p. 116-117° and picrate m.p. 179-180°) 
which they concluded to be 3,6-dimethylindole. However, we 
have obtained two isomers, as would be expected,! one which must 
be 3,4-dimethylindole and the other 3,6-dimethylindole. The 
identity of these has not been directly established except by 
inference from the comparison with the above indole from lysergic 
acid. One of these, which melted at 117-118°, gave a picrate 
melting at 182-183° and was thus identical with that described by 
Mendlik and Wibaut. Neither this indole nor its picrate gave a 
depression with the substances obtained from lysergic acid and 
agreed in other properties with these substances. It may there- 
fore be inferred that this substance is 3 ,4-dimethylindole and not 
the 3,6 derivative. The formation of a 3,6 derivative, barring 
unlikely rearrangements, is incompatible with the structure that 
we have derived for lysergic acid and which is at the same time a 
derivative of naphthalene, quinoline, and indole. The second 
synthetic indole which melted at 90-93° and gave a picrate melt- 
ing at 163-164° would therefore be 3 ,6-dimethylindole. 

The attempt will be made, when opportunity presents, to con- 
firm this by the synthesis of 3,4-dimethylindole by another 
method. 

EXPERIMENTAL 


3,4- and 3,6-Dimethylindoles—5 gm. of propionaldehyde were 
treated with 10.4 gm. of m-tolylhydrazine and warmed. The 
hydrazone was extracted with ether and the solution was dried 
over K,CO;. After concentration the residue was treated with 
30 gm. of anhydrous zinc chloride and the mixture was heated in an 
oil bath raised to 165°. When the reaction was completed, the 
contents of the flask were washed out with ether and excess 10 
per cent HCl. The washed and dried ether extract was concen- 
trated in an apparatus for sublimation of the residue. All the 
material subliming up to an oil bath temperature of 125° and under 
0.2 mm. pressure was collected and the residue discarded. The 
sublimate which weighed about 3 gm. was dissolved in 30 cc. of 


! The formation of two isomeric oxindoles from the m-tolylhydrazide of 
propionic acid has already been reported (4). 
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warm petroleum ether. When chilled to —15°, crystallization 
began. The crystals were filtered off without washing and the 
filtrate was set aside to be treated as described below. 

The crystalline fraction after repeated crystallization from 
petroleum ether formed flat needles which melted at 117-118°. 


CyoHuN. Calculated, C 82.76, H 7.64; found, C 82.89, H 7.69 


This indole yielded a picrate from ethyl alcohol forming dark 
red needles which melted at 182—183°. 


CisHyO7;N,. Calculated, C 51.34, H 3.74; found, C 51.37, H 3.78 


The above petroleum ether filtrate from the crystalline indole 
was concentrated and transferred to a 22 cm. microfractionating 
column. Fractionation was carried out under approximately 
0.2 mm. pressure. Five fractions were collected. Each fraction 
was about 0.15 gm. with the exception of the second which weighed 
0.33 gm. 

The second fraction completely solidified on the condenser and 
showed a melting point of 60-90°. When dissolved in 3 cc. of 
petroleum ether and chilled to — 15°, crystallization began. 0.28 
gm. of broad, thin leaflets was collected, which melted at 90-93°. 

0.1 gm. was converted to the picrate in 3 ec. of ethyl alcohol. 
0.175 gm. of needles was collected which melted at 163-164°. 


CisHi,O7N,. Calculated, C 51.34, H 3.74; found, C 51.45, H 3.97 


The indole recovered from the picrate after redistillation melted 
at 90-92°. 


CiHuN. Calculated, C 82.76, H 7.64; found, C 82.97, H 7.65 


Dimethylindole from Dihydrolysergic Acid—1.2 gm. of dihydro- 
lysergic acid were ground with 7 gm. of KOH and placed in a fusion 
apparatus as previously described (1). The salt bath for heating 
the mixture was held at 300° for 0.5 hour. 

The volatile material from the reaction was worked up in the 
manner previously given and 10 mg. of the indole fraction were 
obtained. Since this proved difficult to purify further, attention 
was turned to the alkali melt. 

This melt was dissolved in water and extracted with ether. The 
latter was discarded. The aqueous layer was then acidified to 
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Congo red with HCl and extracted repeatedly with ether. This 
extract was concentrated in a molecular still for distillation of the 
residue. 135 mg. of distillate were collected up to an oil bath 
temperature of 200° and under a pressure less than 0.001 mm. 
The distillate was dissolved in ether and extracted with NaOH 
solution. The alkaline extract was then acidified with HCl. The 
acid material which separated was reextracted with ether. Since 
it could not be directly crystallized, it was redistilled in a microstill 
under 0.5 mm. pressure with the temperature of the oil bath raised 
to 250°. During this procedure, the production of an indole by 
decarboxylation was obvious from the odor of the distillate. 87 
mg. of material were collected. This was dissolved in ether and 
shaken out with NaOH solution to remove undecomposed indole 
acids. The ether layer upon evaporation gave an oily indole 
fraction which was redistilled in a microstill. 7 mg. distilled up 
to 150° under 0.3 mm. pressure. The product melted at 80—100°. 
Upon recrystallization from 0.02 cc. of petroleum ether, 3 mg. of 
flat needles were obtained which melted at 108-112°. 

When this was treated with an equivalent of picric acid in 0.15 
ce. of ethyl alcohol, 3.2 mg. of red needles were obtained which 
melted at 182-186°. After recrystallization from alcohol the 
substance melted at 185-187°. A mixed melting point with the 
higher melting synthetic picrate obtained above showed no 
depression. 

The final picrate was recombined with its mother liquor and 
evaporated to dryness. The residue (3.2 mg.) was treated with a 
small volume of sodium hydroxide and a few drops of ether. The 
ether layer was washed with NaOH solution until all color of picric 
acid had disappeared and then evaporated to dryness in a micro- 
still for redistillation of the indole. 1.5 mg. distilled up to 150° 
and under 0.3 mm. This material melted at 115-116°. After 
recrystallization from 0.01 cc. of petroleum ether, 0.8 mg. of long 
flat needles was obtained which melted at 115-117°. A mixed 
melting point with the higher melting synthetic indole reported 
above showed no depression. 

Since the supply of the pure, high melting indole from dihydro- 
lysergic acid was exhausted in melting point determinations, there 
was not sufficient for analysis as the picrate or the indole itself. 
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Analytical data were obtained on a lower melting picrate (164- 
168°) obtained in a preliminary run as follows: 


CisHuO:N,. Calculated, C 51.34, H 3.74; found, C 51.70, H 3.92 


From the mother liquors of the purified indole, 2.2 mg. of indole 
were recovered which melted at 80-105°. A picrate (3 mg.) pre- 
pared from this melted at 175-183°. This was not recrystallized, 
since there was not enough for both recrystallization and analysis. 
The analysis gave C 51.90, H 4.06. 
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The production of malignant tumors by ultraviolet radiation has 
been reported by several investigators. Herlitz, Lundill, and 
Wahlgren (1), Findlay (2), and Putschar and Holtz (3) have 
produced malignant growths in mice and rats by irradiation. 
Roffo (4) reported an extensive series of experiments in which he 
exposed rats to ultraviolet radiation, beginning with a 5 minute 
daily dose, and gradually increasing to 20 hours daily. Tumors 
developed on the eyes, ears, and back of the head in 6 to 8 months. 
Beard, Boggess, and von Haam (5), applying the technique of 
Roffo, have verified these observations, producing sarcomas and 
carcinomas on the eyes, ears, and heads of rats. 

In the field of tumor chemistry, cholesterol has been of particular 
interest. Kahn (6) showed that malignant tumors contain large 
amounts of cholesterol and its esters, while blood serum was lower 
than normal in cholesterol. Bolaffi (7) reported an increase of 
cholesterol esters in the whole organism of tumor mice. Berg- 
heim (8), using histological methods, found larger amounts of 
cholesterol in malignant tumors than in benign ones. Yasuda 
and Bloor (9) likewise report that malignant tumors contain a 
much higher percentage of fatty substances—neutral fat, phos- 
pholipid, and cholesterol—than less malignant ones. Roffo 
(10-12) has emphasized that cholesterol must play a predominant 
part in the formation of tumors. This is based on his observations 
that cholesterol is greatly increased in neoplastic tissue, particu- 


* Presented before the annual meeting of the American Society of Bi- 
ological Chemists at Baltimore, March, 1938. 
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larly in tumors of the skin, that it is present in precancerous stages, 
and that exposure of rats to sunlight and ultraviolet radiation 
results in great increases in the cholesterol content of the skin. 
He suggests that cholesterol prepares the soil for subsequent malig- 
nant growth by acting as an accumulator of light. 


EXPERIMENTAL 


Using similar technique and lamps as Beard, Boggess, and von 
Haam (5), we exposed adult rats of both albino and piebald strains 
to ultraviolet radiation. During the period of exposure they were 
fed on our stock diet of Wayne dog food, Blox.! The rats were 
kept in galvanized wire cages containing compartments 6 X 8 X 8 
inches, which were large enough for either one or two rats. The 
lamps were suspended from the ceiling so that they were 4 feet 
from the bottoms of the cages and centered directly over the cages. 
After the dose was increased gradually to 20 hours per day, this 
dose was then continued daily. 

During the period of irradiation, some of the animals died 
apparently from excessive heat, and the skin tissues of these were 
taken for analysis. Other animals were killed off at varying in- 
tervals after irradiation, and skin tissues and blood analyzed for 
total and free cholesterol. The skin tissue from the face, back, 
and abdomen was analyzed for total and free cholesterol according 
to the method of Sturges and Knudson (13). The blood choles- 
terols were determined by the Schoenheimer and Sperry (14) 
method. 

After 2 months of irradiation, skin lesions began to appear and 
the first tumors occurred in about 5 months. Later, other tumors 
appeared. These tumors developed on the eyes, ears, and nose, 
and were of the same type as those described by both Roffo (4) 
and Beard, Boggess, and von Haam (5). The animals with 
tumors were killed off at various intervals and the tumors and 
the skin analyzed for total and free cholesterol. The tumor tissue 
was carefully cleaned, and, if necrotic, this was separated from 
the rest of the tissue and analyzed separately. 


DISCUSSION 


The results of the analyses for total and free cholesterol on the 
skin from the face, back, and abdomen of irradiated rats and of 


1 Manufactured by the Allied Mills, Inc., Chicago. 
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non-irradiated rats are given in Table I. The irradiated groups 
of animals are divided into those without tumors and those with 
tumors. 

It will be noted that in the irradiated rats the total cholesterol 
of the skin and particularly that from the face is greatly increased. 
The free cholesterol is increased but not to as great an extent. 
In the group of irradiated rats with no tumors, which were ex- 
posed from 230 to 3570 hours, the increases in cholesterol do not 
run parallel with the length of radiation. The average total 
cholesterol in the skin from the face for this group is increased 
almost 100 per cent, while in one animal it is over 170 per cent 
above the normal average. These increases of total cholesterol 
in the skin after ultraviolet irradiation are in agreement with the 
results reported by Roffo (11). It is rather significant that the 
increase in cholesterol should be largely in the ester form, so that 
the average percentage of free cholesterol drops from 55.2 per cent 
to 31.2 per cent. The cholesterol content of the skin from the 
back is also increased but much less. The average increase is only 
about 34 per cent and there is no change in the relationship of 
free to total cholesterol. In the skin from the abdomen there is 
relatively little difference in the irradiated animals without tumors 
and the controls. 

In the group of animals that have developed tumors, the 
cholesterol content of the skin is found to be still further increased. 
These animals were irradiated from 3110 to 4950 hours over a 
period of 167 to 259 days. The total cholesterol in the skin from 
the face of these rats is on the average 150 per cent above normal. 
The cholesterol content of the skin from the back and the abdomen 
in this group of rats is also increased but to a less extent. In 
those rats showing the greater increase in total cholesterol in the 
skin from both the back and the abdomen it is to be noted again 
that the increases are largely in the ester form. Regarding the 
significance of the great increase in cholesterol in the skin after 
ultraviolet irradiation, little can be said. That the increase in 
cholesterol should be largely in the ester form is extremely in- 
teresting. Does the ester form fix the cholesterol more firmly in 
the tissue? Is the increase in cholesterol a predominant factor 
and a cause for the development of the tumor which follows long 
continued ultraviolet irradiation? These are questions which 
must await further study before definite answers can be given. 
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In Table II are given the results of analyses for total and free 
cholesterol on tumors produced by ultraviolet irradiation. The 
total cholesterol content in most of the tumors is high compared 
to the cholesterol content of normal skin from the face of rats. 
There is apparently no relationship with respect to the cholesterol 


TaBLe 


Cholesterol Content of Skin Tissues of Rais Exposed to Ultraviolet Radiation 
The results are given in mg. per 100 gm. of dry tissue. 


| Face Back | Abdomen 
Rat No, | Petlod of 
| otal | Pree | Total | Free Total | Free 

Normals 
days | hrs mg. | mg. | | mg. | mg | me mg. 
9698 314 | 250 | 79.6 506 | 229+ 45.2) 550 | 333 | 60.6 
979 | 505 | 383 64.4 653 | 164 25.1) 580 252 | 43.4 
ly 652 | 350 | 53.7 458 | 144 | 31.4) 652 350 | 53.7 
559 | 246 | 44.0, 219 | 97 | 44.3 310 144 46.5 
3 | | — | 664 | 368 | 55.4) 268 | 102 | 38.1) 301 175 | 44.8 
461 194 @.1| sn | 95 | 35.1) 336 | 114 | 33.9 
Average. .. | | ‘641 | 299 | 55.2) 396 139 | 35.1| 470 | 228 | 48.7 
Without tumor 
198 | 23 | 230 {1240 | 437 | 35.2|1095 | 518 | 47.2) 544 | 204 | 37.5 
220 | 23 | 230 |1300 | 435 | 33.4 645 | 214 | 33.2 
77 33 | 430 (1100 | 327 | 29.7) 521 | 246 | 47.2 520 | 231 | 44.4 
78 33 | 430 | 496 | 264 | 53.2 374 | 183 | 48.9 
103 33 | 430 1205 | 316 | 26.2, 630 | 244 | 38.7) 784 | 312 | 39.8 
75 54 | 850 | 958 | 358 87.4 547 | 223 | 40.8 390 | 173 | 44.3 
76 | 850 | 959 | 363 37.9| 575 | 225 | 39.2) 634 | 308 | 48.6 
191 86 1490 1170 | 396 | 33.8, 785 | 268 | 34.2 649 | 189 | 29.1 
23 91 1590 1100 | 210 | 19.1) 505 | 187 | 27.2) 493 | 204 | 50.6 
20. | 92 1610 |1330 | 234 | 17.7 356 | 134 | 37.6 310 | 108 | 34.8 
9692 | 150 2770 | 655 | 226 | 34.5, 699 | 204 | 29.2) 381 | 193 | 40.1 
9703 | 150 2770 | 786 | 189 24.0 448 | 154 | 34.4 461 | 154 | 33.4 
9737 | 150 2770/1190 | 369 | 31.0 817 264 | 32.3, 630 270 | 42.8 
216 162 3010 | 976 | 294 | 30.1 562 | 221 | 39.3) 390 | 257 | 66.0 
204 | 172 3210 |1570 | 510 | 32.5 925 | 276 | 29.8 904 364 | 40.3 
214 190 3570 730 | 330 | 46.5, 452 | 194 42.9 634 308 | 48.6 

Average... | [1048 | 327 | 31.2, 637 | 296 | 97.1| 553 | 235 | 42.6 


Oo 


TaRLe I—Concluded 


With tumor 

| days Ars. mg. | mg. | | mg. | mg. mg. mg. 
417 167 3110 (2305 535 | 23.21139 | 270 23.7 626 294 | 47.0 
232 «168 3130 990 | 250 | 25.3 | 571 179 | 31.4 
219 168 3130 694 395 | 56.91 620 184 29.7, 353 196 | 55.5 
202 =: 168 _ 3130 1453 | 419 | 28.8 608 | 194 32.0 780 286 | 36.7 
413 3250 1055 162 | 15.4 697 | 152 21.7, 324 100 30.8 
422 | 186 3490 | 916 270 | 29.42340 | 598 25.5 732 304 41.5 
189 3550 11108 | 425 | 38.4) 523 | 302 | 57.6 388 360 92.9 
222 211 3970 |1620 516 31.9 675 219 | 32.4 585 | 391 | 61.8 
188 221 4170 1225 272 22.2 517 | 127 | 24.5| 310 | 146 | 47.1 
231 232 4410 1755 546 31.11015 | 343 | 33.81112 | 556 | 50.0 


25.1) 578 | 195 | 33.81220 340 | 27.9 


189 | 8 4730 1159 394 34.01171 273 | 25.9) 541 | 224 | 41.4 
187 | 259 4910 11490 | 419 | 28.1) 575 | 230 | 40.0 406 | 233 57.4 
211 | 259 4950 1248 | 378 | 30.2 862 223 | 25.9 930 316 | 34.0 
223-250 4950 1680 1150 | 68.41090 183 16.8 714 268 37.6 
Average... | 444 | 32.0 886 | 250 | 28.2 639 278 43.5 


Taste Il 
Cholesterol Content of Tumors Produced by Ultraviolet Radiation 


The results are given in mg. per 100 gm. of dry tissue. 


Cholesterol 
Rat. No. | | radiation | substance | | Free 
Total 
per cent mg. | mg. per cent 
417 167 3110 32.3 1125 | 1360 82.8 
422 186 3490 18.9 89 | 984 | 91.0 
222 211 3970 14.4 939 1075 | 87.5 
188 221 4170 48.8 293 439 69.0 
231 232 | «(17.7 | 1285 | 1427 | 90.1 
225 238 4530 17.8 1075 1328 | 81.0 
190 245 | 4670 19.2 582 697 | 83.5 
189* 248 © 4730 26.8 1193 1330 89.7 
189* | 248 | 4730 18.8 659 732 89.8 
203* 248 4730 70.7 906 1450 62.5 
203* 248 | 4730 28.5 1210 2770 47.3 
187 257 410 | 59.2 262 302 | 86.8 
211 259 4950 45.5 412 542 76.0 
223 259 4950 19.3 957 1005 95.5 
Average 842 | 1031 80.9 


725 


Face Back Abdomen 
Rat No, | | 
radiation Free Free Free 
Total | Free | Total 
| 
n 
J 
il 
on 48 467 118 
* Two tumors from each animal, right and left ears respectively. 
|| 


726 Cholesterol Studies on Irradiated Rats 


content of the tumors and the length of irradiation. The free 
cholesterol content of the tumors averages approximately 81 per 
cent, while the free cholesterol content of the skin from the face 
of irradiated rats averages only about 33 per cent. 


Taste III 
Cholesterol Content of Blood of Rats with Tumors Produced by Ultraviolet 
Radiation 
The results are given in mg. per 100 gm. of blood. 
Free 
Rat No. Period of radiation | Total | Free Total 
Normals 
hrs. mg mg per cent 
1 69.0 21.5 | 31.2 
2 81.7 23.0 28.2 
3 | 70.9 | 2.0 | 27.2 
4 | | 69.0 | 16.6 | 24.1 
Average... | 72.7 20.3 27.9 
Irradiated 
417 167 3110 39.2 9.8 | 25.0 
422 186 3490 42.0 30.9 76.3 
231 232 4410 41.0 17.1 | 41.0 
225 238 4530 33.3 15.6 | 46.8 
190 248 4670 29.8 13.5 45.3 
189 248 4730 36.4 13.9 | 32.2 
203 248 4730 54.0 41.6 | 77.0 
187 259 4910 16.7 8.8 52.7 
211 259 4950 33.7 12.1 35.9 
223 259 4950 26.9 8.2 30.5 
9689 259 4950 38.6 25.6 66.3 
Average | 35.7 17.9 50.1 


There is, then, a significant difference in the relationship of free 
to total cholesterol content in the tumors produced by radiation 
compared to that in the skin of irradiated rats. 

A few determinations on the total and free cholesterol content 
of the blood of irradiated rats with tumors are given in Table III. 
The total cholesterol content is somewhat below the normal level, 
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which is in striking contrast to the increases of cholesterol noted 
in both the skin and tumors of irradiated animals. 


SUMMARY 


The total cholesterol content of the skin is increased by ultra- 
violet irradiation. This is particularly true in the skin from the 
face which showed increases in some instances of several hundred 
per cent, and averaged about 100 per cent. The cholesterol 
content of the skin from the back and abdomen is only slightly 
increased. The increases of total cholesterol in the skin are 
practically all in the esterform. There is no relationship between 
the increases of total cholesterol and the period of irradiation. 

The tumors formed by ultraviolet irradiation show a high 
cholesterol content and about 80 per cent is in the free form. 

The total cholesterol content of the blood of irradiated rats 
with tumors is somewhat below the normal level. 


Addendum—After this paper was submitted for publication, Baumann 
and Rusch (15) reported that the cholesterol content of the skin was 
increased by irradiation in the rat, but not in the mouse or in the guinea 
pig. The increase in cholesterol content of rat skin was common to both 
the exposed and protected portions. 
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THE ULTRACENTRIFUGAL ANALYSIS OF THE LATENT 
MOSAIC VIRUS PROTEIN 


By RALPH W. G. WYCKOFF 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
Princeton) 


(Received for publication, March 30, 1939) 


The virus protein that is the infectious principle of the latent 
mosaic disease of potatoes was first isolated by differential ultra- 
centrifugation (1, 2) more than 2 years ago. It is much less stable 
than the corresponding protein of the tobacco mosaic disease; 
nevertheless, if sufficient care is taken its purified solution will 
yield a sharp centrifugal pattern indicative of an undamaged 
molecular species. Preparations also have been made by chemical 
procedures (3). Their properties have been in some ways different 
from those of the proteins isolated by ultracentrifugation. For 
this reason it has been important to see whether simple chemical 
treatments would lead to molecular alterations detectable in the 
analytical ultracentrifuge. The present paper records the results 
of several such observations together with a detailed study of the 
sedimentation pattern of this virus protein at a variety of pH 
values. 

The writer is indebted to H. 8. Loring for the samples used in 
this work. Parallel studies (4) of the biological activities and of 
virus properties of these samples have recently been described 
by him. Quantity ultracentrifugations were made in the same 
apparatus (5) that has been employed in all ultracentrifugal prep- 
arations (6) of this and other plant virus proteins. This machine 
carries heads about 7 inches in diameter and holds 150 cc.; the 
sedimentations necessary for the ultracentrifugal purification of 
the latent mosaic virus protein were effected by running the ma- 
chine for an hour and a quarter at a speed of about 30,000 R.p.m. 
The analytical observations were carried out by the original ab- 
sorption technique of Svedberg. The optimum centrifugal field 
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for such studies on the latent mosaic protein is about 30,000 times 
gravity. 

For ultracentrifugal sedimentations the quantity heads were 
chilled in ice before use. The temperature of the head and its 
contained materials was never more than a few degrees above 
freezing at the conclusion of a run. Under such circumstances 
the virus protein of the latent potato disease can be repeatedly 
precipitated and resuspended in distilled water or dilute buffer 


TaBie I 
Sedimentaiion Constants of Latent Mosaic Virus Protein Solutions 
3.3 114, 129 Immediate Diffuse boundary 
3.3 1 day Complete precipitation 
3.8 114, 137 Immediate Diffuse 
3.8 113 1 hr. then readjusted) Sharp 
3.8 124, 141 20 hrs. Very diffuse 
4.1 1 day Complete precipitation 
5.7 112, 127 Immediate Sharp; one preparation shows 
double boundary, other does 
not 
6.1 111, 127 
7.0 112, 126 
7.0 109 3 days Sharp 
8.1 107 Immediate = 
9.8 113 
10.1 109 - 
10.1 109 36 hrs. ‘* unsedimentable 
10.1 107 7 days sa ia 
10.3 Ca. 75, 115 Immediate Moderately diffuse 
11.0 <3 


solutions without suffering damage detectable with the analytical 
ultracentrifuge. The sedimentation diagram of a typical prepara- 
tion obtained by subjecting the clarified juice of infected Turkish 
tobacco plants to four successive ultracentrifugations is shown in 
Fig. 1. The principal boundary is sharp; it moves at a rate cor- 
responding to the constant s.. = 113 x 10-" cm. sec.~' dynes 
(Table I). A faint sharp second boundary with %. = about 
130 X 10-* can also be seen; the component causing this is some- 


— 
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times absent, no matter whether the sample has been purified by 
ultracentrifugation or by salting-out. 

Though repeated chemical precipitations lead to obvious dam- 
age of the virus protein, a single precipitation with either 30 per 
cent ammonium sulfate or potassium citrate followed by two 
ultracentrifugal sedimentations has given a sharp boundaried 
product if the salting-out was carefully carried out in the cold. 
Precipitation by HCl at pH 4 furnished a protein with a moder- 
ately sharp boundary. The protein precipitated by an equal 
volume of alcohol added at pH 5 was so thoroughly altered that 
it gave no measurable sedimenting boundary. 

In previously reported investigations (7-9) sedimentation dia- 
grams have been made of several virus protein solutions at a 
wide variety of pH values. These studies have demonstrated 
that in each instance the virus protein molecule and the infectivity 
of the virus have the same range of pH stability. This is to be 
expected if infectivity is a property of the intact virus protein 
molecule. The same type of study has now been made of the 
latent mosaic virus protein. Sedimentation diagrams have been 
prepared of solutions of the protein at pH values between 3.3 and 
11 (Table I). Some of these diagrams have been obtained im- 
mediately after pH adjustment, others after standing for various 
lengths of time. These results should be compared with the pH 
inactivation studies of Loring (4). Such a comparison makes it 
clear that this virus protein molecule too is stable within the same 
general limits that define its virus activity. The same constant, 
within experimental error, is observed from all preparations at 
PH values between about 5.7 and 10.1. On the alkaline side of 
pH 10.1 the breakdown is practically immediate and complete, 
in contrast to the behavior of the tobacco mosaic virus protein. 
At pH 10.3 a more rapidly moving boundary with s.» = about 
75 X 10°" appears (Fig. 5); the boundaries of solutions standing 
at this pH rapidly became so diffuse that accurate measurements 
were impossible. Slightly greater alkalinity (pH 10.7 to 11.0) 
leaves fragments that sediment no faster than the molecules of 
egg albumin (Fig. 6). In acid affairs are not so simple, because 
the limit of stability is not far from the isoelectric point of the 
protein (at pH 4). In the range from about pH 4 to 5 not enough 
of the protein is in solution to provide a boundary. At pH 3.8 


Fic. 1. Sedimentation diagram of a sample of the latent mosaic virus 
protein purified by a 4-fold quantity ultracentrifugation with distilled 
water as resuspending fluid. In this and each of the following diagrams 
the interval between exposures was exactly 5 minutes and the mean cen- 
trifugal field about 31,000 times gravity. 

Fic. 2. Diagram of the virus protein in pH 5.0 buffer immediately after 
pH adjustment. 

Fig. 3. Diagram of the virus protein made immediately after adjustment 
to pH 3.8. 

Fic, 4. Diagram of the virus protein after being held for 1 hour at 
pH 3.8 and then readjusted to pH 7. 

Fic. 5. Diagram of the virus protein made immediately after adjustment 
to pH 10.3. 

Fic. 6. Diagram of the virus protein made immediately after adjustment 
to pH 11.0. 
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the usual boundaries can be photographed but they are only 
moderately sharp immediately after pH adjustment (Fig. 3) and 
a day later are very diffuse. That the molecular change re- 
sponsible for this diffuseness is reversible and perhaps due to as- 
sociations in the neighborhood of the isoelectric point is indicated 
by the fact that if the pH is readjusted to neutrality after a short 
time at pH 3.8, a sharp pattern is once more obtained (Fig. 4). 
Loring found (4) that such readjusted solutions had their full ac- 
tivities. A photograph made immediately after adjustment to 
pH 3.3 also shows a diffuse boundary but after a day at this 
acidity precipitation is complete and no boundary can be observed. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 


VII. THE INFLUENCE OF CHOLESTEROL UPON PHOS- 
PHOLIPID TURNOVER IN THE LIVER * 


By I. PERLMAN anp I. L. CHAIKOFF 


(From the Division of Physiology of the Medical School, University of 
California, Berkeley) 


(Received for publication, March 27, 1939) 


It has long been suspected that phospholipid formation is in- 
timately connected with fat transfer, and in a previous report 
from this laboratory it was definitely established that an increased 
phospholipid turnover is associated with the action of choline in 
its sweeping out of fat from the liver of rats fed high fat diets (1). 
It has also been known for some time that fatty livers are readily 
produced by feeding rats diets rich in cholesterol (2-4) and that 
the excess lipid deposition in the liver under these conditions is 
prevented by choline (5, 6). The finding of an inverse relation 
between fat deposition in the liver and phospholipid exchange (as 
measured by radioactive phosphorus) during choline action (1) 
suggested that cholesterol might serve to depress such phospho- 
lipid exchange. The observations reported here demonstrate 
that this is indeed the case: The ingestion of cholesterol decreased 
the liver content of newly formed phospholipid which had been 
labeled by means of a radioactive isotope of phosphorus. The 
stimulating effect of choline on the depressed phospholipid metab- 
olism found under these conditions is also presented. 


EXPERIMENTAL 


The results recorded here were obtained from separate analyses 
of 220 rats, the details of which are shown below. The experi- 
mental feedings were of short duration, about 30 hours, and before 


* Aided by a grant from the Research Board of the University of 
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this the rats were maintained on an adequate stock diet. Two 
experimental diets were employed. 

Control Diet—This consisted of 5 gm. of unsalted butter to which 
were added 0.015 ce. of a standardized cod liver oil and 0.1 ce. of a 
vitamin B concentrate. 

Cholesterol Diet—This consisted of the above constituents and 
additions of cholesterol in amounts varying from 250 to 500 mg. 

Radioactive phosphorus was injected subcutaneously as an 
isotonic solution of NazgHPO,. Choline in the form of its chloride 
was fed by stomach tube. 

The livers were excised at various intervals after phosphorus 
injections. Their phospholipids were isolated in a manner pre- 
viously described (7). The method by which the phospholipids 
were mounted and their radioactivity determined has been noted 
elsewhere (8). 


Results 


Effect of Short Feedings of Cholesterol upon Phospholipid Turn- 
over in Liver—60 rats were fasted for 24 hours and then placed on 
the control and experimental diets described above. 26 hours 
after first receiving these diets, all rats were injected with labeled 
phosphate and their livers removed 4 hours after. The total 
period of feeding with cholesterol diet was therefore 30 hours. 
The phospholipid activity! of the liver in the rats that had received 
cholesterol as well as in those that had ingested the control diet is 
shown in Table I. 

For consideration of the results, the experiments were divided 
into three series. In Series 1, rats weighing 160 to 185 gm. in- 
gested an average of 440 mg. of cholesterol during a period of 30 
hours. In their livers an average of 1.93 per cent of the adminis- 
tered phosphate was found as labeled phospholipid, as compared 
with the control level of 2.42 per cent. 

In Series 2, eight rats that had received the butter-vitamin diet 
served as control for two other groups of eight rats that were fed 
cholesterol diets. The amounts of cholesterol ingested by these 


1 The term phospholipid activity refers to the percentage of administered 
labeled phosphorus found in the form of phospholipid. Throughout this 
study the activity of the whole liver is recorded. Animals were carefully 


paired according to weight and sex. 
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TaBLe I 
Effect of Cholesterol upon Level of Newly Formed Phospholipid in Liver 


Control Cholesterol-fed Cholesterol-fed 


Series No. 
Rat Activ- Rat Activ- Rat Activ- 
No. ity* No. ity No. ity 
It 1/2.88| 7/ 1.83] 
| 2/2.66| 8/ 1.78 | 
3/248 2.06 
4 2.31 10) 2.21 
5 2.31) 11 1.81 
6 | 2.47; 12) 1.89 
Average activity.................. 2.42 | 1.93 
35 butter ingested, gm....... 7.1 7.3 
- cholesterol ingested, mg.. . 440 
2t 205 | 2.62 | 213 | 2.63 | 221 | 3.06 
206 | 3.82 | 214 | 2.94 | 222 | 2.21 
207 | 3.35 | 215 | 2.52 | 223 | 2.17 
208 | 2.84 | 216 | 2.21 | 224 | 2.35 
209 | 2.78 | 217 | 2.04 | 225 | 2.06 
210 2.76 | 218 2.30 | 226 | 2.34 
211 | 3.10 | 219 | 2.09 | 227 | 2.21 
212 | 2.83 | 220 | 3.25 | 228 2.07 
Average activity.................. 3.01 | 2.50 2.31 
nid butter ingested, gm....... Se. 10.9 9.6 
“ cholesterol ingested, mg. . 545 963 
3§ 229 | 3.94 | 237 | 2.40 245 | 2.95 
230 | 3.66 | 238 | 2.46 | 246 | 3.25 
231 | 3.19 | 239 | 2.52 | 247 | 2.55 
232 | 2.97 | 240 | 2.53 | 248 | 2.46 
233 | 3.12 | 241 | 2.39 | 249 | 2.14 
234 | 2.98 | 242 2.71 | 250 | 2.46 
235 | 3.69 243 | 2.71 | 251 | 2.64 
236 | 3.70 | 244 | 2.50 | 252) 2.71 
Average activity.................. 3.41 | 2.53 2.64 
7 butter ingested, gm...... 13.1 | 13.0 12.9 
_ cholesterol ingested, mg.. 650 1290 


* Activity refers to per cent of the injected labeled phosphorus found as 
phospholipid. Each rat received 1 ec. of isotonic Na,HPO,. 

t Rats weighed 160 to 185 gm. (females). 

t Rats weighed 150 to 170 gm. (females). 

§ Rats weighed 200 to 240 gm. (males). 
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two groups varied. One was fed 250 mg. of cholesterol in each 5 
gm. of butter; the average amount of cholesterol ingested by this 
group over the 30 hour period was 545 mg. The other group was 
fed 500 mg. of cholesterol in each 5 gm. of butter; each rat of this 
group ingested an average of 963 mg. of cholesterol in the same 
period. The phospholipid activities of these two groups that had 
received cholesterol were respectively 2.50 and 2.31; the average 
control value was 3.01. 

In Series 3, the procedure adopted was similar to that in Series 
2. The animals used, however, were larger, and the total amount 
of cholesterol ingested during the experimental period of 30 hours 
was proportionately greater. The labeled phospholipid activities 
of the cholesterol-fed rats were 2.53 and 2.64, as compared with 
3.41 for the control group. 

Interrelation of Choline and Cholesterol in Their Effects upon 
Phospholipid Turnover of Liver—In view of the opposite effects of 
choline and cholesterol upon phospholipid metabolism, it seemed 
desirable to compare their actions in this respect when adminis- 
tered singly and together. The experiments recorded in Table 
II permit a comparison of the phospholipid turnover under the 
following three conditions: (1) cholesterol alone in rats fed a high 
fat diet, (2) choline alone in those fed a high fat diet, and (3) 
cholesterol and choline together in those fed a high fat diet. 

The phospholipid activities of the four groups of rats shown in 
Table II were compared 4 hours after the P** injection. The 
depressing effect of cholesterol upon the phospholipid turnover 
of the liver of the fat-fed rat is again brought out. Thus the 
average activities of the butter-fed rats and the cholesterol-fed 
rats were respectively 3.42 and 2.81. When animals maintained 
for 30 hours on the two diets received choline, the phospholipid 
activities of their livers were respectively 4.20 and 5.07. Choline 
increased the phospholipid activity of the liver of the butter-fed 
rats by 23 per cent, an increase in keeping with the values pre- 
viously reported (1). In the cholesterol-fed rats, however, the 
same amount of choline was able to elevate the phospholipid activ- 
ity of the liver from an initial value of 2.81 to 5.07, an increase of 
about 80 per cent. It is indeed striking that choline had a more 
pronounced effect in rats maintained on a cholesterol diet than in 
animals fed a butter diet, despite the fact that in the case of the 
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cholesterol-fed animals choline was acting upon a phospholipid 
level already depressed below that observed in the animals fed the 
butter diet. 

Duration of Action of Choline on Phospholipid Turnover in Liver 
of Rats Fed Cholesterol and Cholesterol-Free Diets—In a previous 
report it was shown that the stimulating effect of a single dose of 


Tasie II 
Interrelation of Cholesterol and Choline upon Phospholipid Activity in Liver 


The rats received the experimental diets (butter or cholesterol-butter) 
for 31 hours before removal of the liver for analyses. The rats weighed 
150 to 180 gm. (females). Choline and P*® were administered simultane- 
ously 4 hours before the livers were excised; i.e., 27 hours after the rats 
were placed on the experimental diets. Choline was fed by stomach tube; 
the labeled phosphorus was injected subcutaneously. Each rat received 
30 mg. of choline chloride in 1 cc. of solution and 1 cc. of isotonic NasHPO,. 


Butter diet Cholesterol-butter diet 
| | With 
Alone | choline Alone | choline 


Rat Activ- Rat Activ- Rat Activ- Rat! Activ- 
|No.) ity ity |No.| ity |No.| ity 


| 45) 3.26 2.85 | 69 3.96 


53 4.10 61 
| 46, 3.31) 54, 4.05 62, 2.46 | 70, 4.85 
| 47, 2.93 55, 3.58 63 2.47 | 71, 3.60 
48 2.90 56 4.36, 64 3.16 | 72 5.42 
49 3.35 57 3.80 65 2.81 73 5.48 
50 3.63 58 4.83 66 2.18 | 74 5.63 
4.15 59 4.32 67 3.52 75 6.45 
52 3.86 60 4.54 68 3.00 | 76 5.16 
Average activity................ 3.42 4.20 2.81 | 5.07 
‘butter ingested, gm... 9.1 | 8.6 7.4 
ee cholesterol ingested, | 


choline chloride was of short duration, amounts of 25 mg. increas- 
ing phospholipid turnover for only about 10 to 15 hours in rats 
maintained on high fat diets (1). In the experiment described 
below, the time of the action of choline upon cholesterol-fed rats 
was determined and compared with that in butter-fed animals. 
96 rats were divided into three groups and treated as follows: 
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1. Thirty-two rats were placed on a butter diet; at the end of 30 
hours they received 30 mg. of choline chloride by stomach tube 
and radioactive phosphate subcutaneously. Groups of eight rats 
were killed at intervals of 4, 8, 16, and 30 hours thereafter. Access 
to the butter diet was permitted throughout the 60 hours of the 
experiment. 

2. Thirty-two rats were fed the cholesterol diet for 30 hours and 
then received 30 mg. of choline chloride by stomach tube and 


5 
> 
> 
2 l 
fe) 4 8 16 30 
TIME, HOURS 


Fie. 1. The action of choline upon liver phospholipids of rats fed diets 
with and without cholesterol. The ordinates refer to per cent of admin- 
istered labeled phosphorus found in the phospholipid of the whole liver. 
The abscissas refer to the time after phosphorus and choline administra- 
tions. @ represents values obtained from rats fed the cholesterol diet; 
© those from rats fed the cholesterol diet + choline; 0 those from rats 
fed the butter diet + choline. Each point represents the average of eight 
separate liver analyses. 


radioactive phosphorus subcutaneously. They were killed at 
intervals of 4, 8, 16, and 30 hours thereafter, during which times 
they were permitted access to the experimental diet. 

3. Thirty-two rats were fed the cholesterol diet for 30 hours 
before they were injected with phosphorus. This group received 
no choline. Livers were excised at 4, 8, 16, and 30 hour intervals. 
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The phospholipid activity as a function of time following choline 
and phosphorus administrations is shown in Fig. 1, which shows 
again that, when choline treatment is superimposed on a choles- 
terol diet, the stimulation in phospholipid activity is greater than 
when choline is added to a control diet containing butter alone. 
The duration of choline action appears to be the same in both cases. 


DISCUSSION 


The most striking finding brought out by the present investiga- 
tion is the establishment of a close relation between cholesterol 
metabolism and phospholipid activity. The ingestion of choles- 
terol for only 30 hours depressed the liver content of the newly 
formed or labeled phospholipid, which was identified by a radio- 
active isotope of phosphorus. It is of considerable importance to 
note here that this depression in the content of labeled phos- 
pholipid occurred in livers at a time when they were still normal, 
for grossly abnormal lipid infiltrations do not appear in so short a 
period as 30 hours after the beginning of cholesterol feeding. The 
finding of a depressed labeled phospholipid content as early as 30 
hours after the beginning of cholesterol feeding would seem to lend 
greater significance to this interrelation between cholesterol and 
phospholipid metabolism. 

It was previously shown that choline speeds up phospholipid 
turnover in the livers of the rats fed high fat diets (1). Since the 
action of choline is also associated with the prevention of fatty 
livers, it seems reasonable to conclude that its action here is the 
result of an accelerated phospholipid turnover. On the other 
hand, the content of newly formed phospholipid in the liver is 
decreased by the feeding of cholesterol, which, if continued long 
enough, results in the production of fatty livers. Thus two proc- 
esses, inverse in respect to their final effects, have been linked to 
the rate of phospholipid turnover: (1) the infiltration of abnormal 
amounts of fat observed under the influence of prolonged choles- 
terol feeding, an effect associated with a depressed phospholipid 
turnover in the liver; (2) the prevention of fatty livers by choline 
in rats fed high fat diets, an effect associated with an increased 
phospholipid turnover in the liver. 

The influence of choline and cholesterol upon the total phos- 
pholipid content of the liver has been the subject of numerous 
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investigations. The most extensive observations with respect to 
choline are those of Channon and his coworkers (9-12) who con- 
cluded that, in general, the total content of liver phospholipid is 
independent of dietary choline and the degree of fatty infiltration. 
Although both increases (13) and decreases (14) in total phos- 
pholipid of the liver have been noted after cholesterol feeding, the 
majority of workers (11, 15, 16) report no change when rats are 
subjected to this treatment. This constancy in total phospholipid 
content of the liver stands in marked contrast to the findings re- 
ported here, which show that the phospholipid turnover as measured 
by the level of newly formed phospholipid is accelerated and 
depressed by choline and cholesterol respectively. In the experi- 
ments reported here, measurements were concerned solely with 
newly formed phospholipid, synthesized during the short interval 
of 30 hours or less after the administration of P**. This measure- 
ment differs from that of total phospholipid, which shows but little 
change in the liver even during times when enormous infiltrations 
of neutral fat are taking place. The remarkable tendency of the 
total phospholipid content of the liver to show but little change is 
particularly well demonstrated by the case of the completely 
depancreatized dog maintained with insulin, in which as much as 
352 gm. of total lipid had accumulated in a liver weighing 770 gm. 
(a 35-fold increase in the whole liver above normal) without appre- 
ciably affecting the phospholipid content of this organ (7). This 
relative constancy in the total phospholipid content of the liver must 
not be taken as evidence of phospholipid inactivity. As already 
pointed out, the total phospholipid content may remain unchanged 
even while phospholipid activity, as judged by studies with radio- 
active phosphorus, is undergoing considerable change. The 
conclusion therefore seems warranted that the total phospholipid 
content of the liver is not necessarily an index of phospholipid 
activity or exchange. 


The radioactive phosphorus used in this investigation was 
supplied by members of the Radiation Laboratory under the 
direction of Professor E. O. Lawrence, to whom our thanks are 
due. The assistance furnished by the Works Progress Administra- 
tion (Official Project No. 665-08-3-30, Unit A6) is also gratefully 
acknowledged. 
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SUMMARY 


1. Cholesterol decreases phospholipid turnover in the liver. 
This effect was demonstrated in rats as early as 30 hours after the 
feeding of cholesterol was initiated. 

2. Choline stimulates the phospholipid turnover in the liver of 
cholesterol-fed rats. 

3. The acceleration in phospholipid activity produced by choline 
is more pronounced in the liver of the cholesterol-fed rat than in 
that of the fat-fed rat. 

4. The relation of phospholipid turnover to fat deposition in the 
liver is discussed. 

5. Total phospholipid content and newly synthesized phospholipid 
(labeled with radioactive phosphorus) are compared as indices of 
phospholipid activity in the liver. 
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THE CONCENTRATION OF IONIZED MAGNESIUM AND 
CALCIUM IN MILK 


By R. NORDBO 
(From the Department of Physiology, University of Oslo, Oslo, Norway) 


(Received for publication, December 31, 1938) 


A knowledge of the magnesium and calcium equilibria and of 
the concentration of ionized magnesium and calcium in milk is 
undoubtedly of importance to investigators of the physiology of 
milk secretion and of nutrition of infants. Our present knowledge 
of the physical chemistry of milk is in many respects far from 
satisfactory, and, as Clark (1935) states, “In the case of milk 
there are available not even the specific pK, values for the several 
buffer systems, nothing on solubility products specifically applica- 
ble to milk, and few analytical data sufficient to the purpose.” 

In the first place an attempt was made to calculate the ionic 
strength of ultrafiltrate of milk. In ultrafiltrates of fresh market 
milk there were determined the concentrations of Na, K, Ca, Mg, 
inorganic phosphate, Cl, and citric acid. 

Sodium was determined by the method of Barrenscheen and 
Messiner (1927) with the following modifications: (1) Powdered 
Ca(OH), was employed to precipitate phosphate, as recom- 
mended by Butler and Tuthill (1931), and (2) the precipitated 
uranyl sodium zinc acetate was washed with 96 per cent alcohol 
saturated with the triple salt at room temperature, as recom- 
mended by Barber and Kolthoff (1928). According to Barber 
and Kolthoff, about 0.5 mg. of the triple salt is dissolved in 1 ce. 
of a saturated solution in 95 per cent alcohol at 22°. 


Procedure 


Place the ultrafiltrate and 1 drop of a 1 per cent alcoholic solu- 
tion of phenolphthalein plus Ca(OH), in a small, stoppered flask. 
Shake and let stand 30 minutes with occasional shaking. Filter 
on an ashless filter paper (e.g., Schleicher and Schill, Blue Rib- 
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bon). Into a Jena glass filter tube of the form previously de- 
scribed (Nordbé, 1939) are pipetted 1.5 cc. of freshly filtered 
uranium zine acetate reagent and 0.5 cc. of the phosphate-free 
ultrafiltrate. Then 0.5 cc. of 96 per cent alcohol is added drop 
by drop, with shaking after each drop. Let stand 30 minutes. 
The mother liquor is completely removed through the glass filter, 
but suction is not applied so long that air is drawn through the 
filter. The precipitate is then washed once with 0.5 cc. and three 
times with 1 cc. of the 96 per cent alcohol saturated with the triple 
salt and filtered before use. Then 1 cc. of water and 1 cc. of 
approximately 5 per cent acetic acid are sucked through the glass 
filter into the tube. More water is added directly, and the con- 
tents are mixed until the precipitate is completely dissolved. 
Transfer to a 50 cc. volumetric flask and dilute with water to 
the mark. 

Standard—In another 50 cc. flask are measured 5 cc. of a uranyl 
sodium zine acetate solution in 1 per cent acetic acid containing 
about 270 mg. of the salt in 100 cc. Water is added to the mark. 
Then 0.5 cc. of a 20 per cent potassium ferrocyanide solution is 
added to standard and unknown, the contents are mixed, and the 
solutions compared colorimetrically. 

Calculation—66.9 mg. of the triple salt = 1 mg. of Na. 0.5 ce. 
samples of a salt solution containing 1.000 gm. of NaCl, 1.5 gm. 
of KH,PO,, and 2 gm. of citric acid per liter were analyzed with 
the following results: 199, 201, and 197 micrograms of Na (theory, 
197 micrograms of Na). 

In ultrafiltrate of three samples of the market milk in Oslo the 
following values were found: 20.6, 20.0, and 19.3 mm of Na 
per liter. 

Potassium was precipitated as K,NaCo(NOz2). by the separate 
addition of NaNO, and Co(NOs)e, as recommended by Bonneau 
(1929) and by Jendrassik and Szél (1933). The precipitation was 
carried out in Jena glass filter tubes of the form used for sodium 
and the precipitate dissolved and titrated according to the pro- 
cedure recommended by Leulier et al. (1928). In the ultra- 
filtrate of three samples of the market milk in Oslo the following 
values were found: 41.5, 41.3, and 40.8 mm of K per liter. Total 
calcium was determined by permanganate titration of calcium 
oxalate; total magnesium by Berg’s oxin method (Nordbé, 1939); 
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inorganic phosphate by the method of Fiske and Subbarow (1925); 
pH, colorimetrically; chloride by the method of Van Slyke 
(1923-24). The concentration of Cl in ultrafiltrate of the market 
milk in Oslo was found to be very constant, between 31 and 32 mm 
per liter. Total citrate was determined as pentabromo acetone 
according to the procedure recommended by Reichard (1934). 
The precipitate was dissolved and titrated by the method of 
Kometiani (1931). Precipitation and titration were carried out 
in 30 cc. glass filter tubes, of the same form as the smaller tubes 
used for Na, K, Mg, and Ca. In this way it was possible to 
determine as little as 1 to 2 mg. of citric acid with an error within 
+3 per cent. 

As a first approximation in the calculation of the ionic strength 
the following assumptions were made. 

(a) Calcium and magnesium were supposed to react with triva- 
lent citrate ions (C’”’)' according to the equations first proposed 
by Hastings et al. (1934). 


(1) 6 10 

_ 
(2) (MgC’] 6 X 10 


The numerical value, 6 X 10~‘, originally calculated for t = 22° 
and » = 0.15, was taken to be valid in ultrafiltrate of milk at 
37°. 

(b) Only a negligible part of the calcium citrate complex and 
of the magnesium citrate complex was considered to be present 
as undissociated CaCH and MgCH at the pH of ultrafiltrate of 
milk, about 6.8, and the greater part to be present as the ions 
CaC’ and MgC’. 

(c) It was assumed that there are no other non-ionized magne- 
sium and calcium compounds in ultrafiltrate of milk than the 
citrate compounds mentioned above. Therefore 


(3) [Ca**] + [CaC’] = total calcium 


(4) ([Mg”] + [MgC’] = total magnesium 


) 1 Throughout the paper the symbol C will be used to represent citrate. 
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(d) All possible forms of citric acid other than MgC’, CaC’ 
and C’” were disregarded; e.g., MgCH, CaCH, and HC”. 
Therefore 


(5) [MgC’] + [CaC’] + [C’”’] = total citric acid 


(e) Since the value of pK’, for phosphoric acid in ultrafiltrate 
of milk has never been determined, the value of pK’, for Sorensen’s 
M/15 phosphate solution at pH 6.81 and 20° was chosen; #.e., 
pK’, = 6.81. 

By means of Equations 1 to 5 and the values found for total 
calcium (8.7 mm per liter), total magnesium (2.6 mm per liter), 
and total citrate (9.5 mM per liter) the following values were 
calculated: [Mg**] = 0.75, [MgC’] = 1.85, [Ca:*] = 2.5, [CaC’] = 
6.2, and [C’”’] = 1.48 mo per liter of ultrafiltrate. 

Based on the determined and calculated concentrations of the 
different ionic species, the ionic strength (u) of the milk ultra- 
filtrate was estimated to be 0.078. The contribution of the polyva- 
lent ions to the total ionic strength was calculated to be 0.024. 


Dissociation Constant of Magnesium Citrate and Calcium Citrate 
at 37° and p 0.08 


The solubility of the calcium and of the magnesium compound 
of tropeolin OO (CaTrop: and MgTrop.) was determined in salt 
solutions of known concentrations of calcium ions and magnesium 
ions, respectively, and at 37°. The desired concentrations of 
calcium ions and magnesium ions, 0.3 to 2.5 mm per liter, were 
obtained by the addition of CaCl, and MgCl. These salts were 
considered to be completely ionized. The ionic strength of the 
solutions examined was adjusted to 0.08 by the addition of NaCl 
and K,SO,. So much of K,SO, was added that the ionic strength 
of the polyvalent ions was about 0.024. 

The solutions were shaken with an excess of CaTrope or of 
MgTrop, in 20 ec. Jena flasks equipped with special stoppers.’ 
The flasks were rotated for 3 hours in a water bath at 37° (+0.1°). 
The flasks were then taken out of the water bath, wiped off on 
the outside, and the contents filtered through a glass filter, as 
previously described (Nordbé, 1938). The filtration of the solu- 


* Jena Glassworks, catalogue No. 4176-b. 
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tions saturated with CaTrop, was carried out in an air thermostat 
at 37° and 1 cc. of the filtrates was diluted to 10 ec. with distilled 
water. These dilutions may be dealt with at room temperature 
without any risk of precipitation of CaTrop, being incurred. The 
concentration of the dye in the filtered, saturated solutions of 
MgTrop, and in the diluted solutions of CaTrop,. was determined 
in the Duboseq colorimeter by comparison with a standard solu- 
tion of the potassium salt of tropeolin OO (Nordbé, 1939). From 
the results of the solubility experiments carried out (thirty-four 
experiments) the following solubility products were calculated. 


(6) [Trop’} = 1.60 x 10-* 
(7) [Trop’}? = 2.42 x 10 


In some preliminary experiments the value of Equations | and 
2 was found to be about 3 X 10-4 at 37° and w 0.08. The final 
experiments were made with salt solutions of a total ionic strength 
of 0.08 and a concentration of trivalent citrate ions of about 1.5 mM 
per liter; 7.e., the concentration expected in ultrafiltrate of milk. 
By adding K,SO, the contribution of the polyvalent ions to the 
ionic strength was adjusted to about 0.024. Total citrate in the 
solutions was 3 to 11.5 mm per liter and total calcium or magne- 
sium 1.8 to 9.9 mm per liter. The pH in the solutions was kept 
at about 7.5. The solutions containing calcium were saturated 
with CaTrop, and the solutions containing magnesium with 
MgTrop» as described above. From the estimated concentrations 
of the dye in the saturated solutions the concentration of magne- 
sium and calcium ions was calculated by means of Equations 6 
and 7 respectively. 

In the experiments with magnesium the concentrations of MgC’ 
and C’” are given by Equations 8 and 9. 


(8) [MgC’) = [MgCl] + [MgTrop.] — — [MgCH] 

(9) = [NaC] — [MgC’] — [MgCH] — [HC”’] 

The corresponding equations for the calcium experiments are 
(10) [CaC’] = [CaCl.] + [CaTrop:] — [Ca**] — [(CaCH] 

(11) = [Na,C] — [CaC’] — [(CaCH] — [HC”) 


[MgCl,], [CaCl], and [NasC] represent the concentrations of 
MgCl, CaCl, and NasC added, [MgTrop:] and [CaTrop:] the 
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concentrations of MgTrop, and CaTrop, dissolved. At pH about 
7.5 the corrections due to the [MgCH], [CaCH], and [HC”] 
terms are certainly so small that they may be neglected in Equa- 
tions 8 to 11. 

The arithmetical mean of thirty-seven values found for the 
expression [Mg'*] [C’”’]/[MgC’] was 2.65 10~‘ and of twenty- 
four values found for the expression [Ca°*] [C’’’]/[CaC’] was 
3.16 X 10-4. This means that MgC’ and CaC’ are less disso- 
ciated at 37° and uw 0.08 than at 22° and uw 0.15 (where the dissocia- 
tion constant is about 6 X 10~*). This is, indeed, what might 
be expected, since the activity of the trivalent citrate ion is much 
more influenced by a change in the ionic strength than is the 
activity of the monovalent MgC’ or CaC’. 


Combination of Lactose with Calcium and Magnesium 


Herrington (1934) isolated from concentrated solutions of 
lactose and CaCl, a compound of the composition a-lactose - Ca- 
Cl.-7H:O. He also found an increased solubility of lactose 
in concentrated CaCl, solutions and a shift in specific rotation 
dependent “upon the concentration of both salt and sugar in the 
way which would be expected if a compound did exist in solution.” 

In order to find out to what extent such a combination of lactose 
and Ca or Mg exists in salt solutions of a composition similar to 
that of ultrafiltrate of milk, determination of [Ca°’] or [Mg’’] 
was made in salt solutions containing 0.15 mole of lactose and 
2 to 4 mm of CaCl, or MgCl, per liter and NaCl to give a supposed 
ionic strength of about 0.08. The solubility of CaTrop. and 
MgTrop: in these solutions was determined and the concentration 
of Mg:: and of Ca-- calculated from Equations 6 and 7 respec- 
tively. The concentration of the magnesium-lactose compound, 
[lactose- Mg], and of the calcium-lactose compound, [lactose-Ca], 
is given by Equations 12 and 13. 


(12) [Lactose-Mg] = [MgCl.] — + [MgTropz] 
(13) {Lactose-Ca] = [CaCl,] — + [CaTrop,] 
[MgCl] and [CaCl,] represent the concentration of MgCl, and 
CaCl, added, [MgTrop.] and [CaTrop,] the concentration of 


MgTrop: and CaTrop: dissolved. If it be assumed that 1 mole- 
cule of lactose binds 1 molecule of Ca or 1 molecule of Mg, then 
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in the experiments carried out the concentration of lactose-Ca or 
of lactose- Mg represents less than 1 per cent of the total con- 
centration of lactose. The concentration of lactose that is not 
combined with Ca or Mg, [lactose], is then practically equal to 
the total concentration of lactose; 7.e., 0.15 mole per liter. This 
concentration of lactose represents the average concentration in 
skim milk (Wright, 1935). 

It was found by the experiments that lactose combines with Ca 
and Mg to form soluble, non-ionized compounds. The concen- 
tration of the non-ionized compounds depends upon the concen- 
tration of both lactose and Ca’* or Mg’*. This may be expressed 
by Equations 14 and 15. 


[lactose] 
{lactose -Ca] 
[lactose] 


% “Tlactose-Mg] 


(14) a= 


The value of g averages 0.3 (at 37° and uw 0.08) and gives the 
impression of being a constant. The deviations from the mean 
are within the limits of experimental error, an error of +10 per 
cent in the determination of [Ca’*] and [Mg’’], giving an error of 
—20 per cent in the calculation of [lactose-Ca] and [lactose- Mg]. 
It is possible that lactose-Ca and lactose-Mg are in equilibrium 
with a special form of lactose which represents only a part of the 
total lactose in the solution. Further experiments are needed 
to show whether or not the concentration of lactose-Ca and 
lactose-Mg is influenced by change of temperature, pH, and 
ionic strength. 


State of Calcium and Magnesium in Ultrafiltrate of Fresh Cow’s M ilk 


The ultrafiltrates were prepared at about 3° by means of Wilen- 
ski (1929) glass filter candles coated with collodion. The volume 
of ultrafiltrate was less than 5 per cent of the volume of milk from 
which it was prepared. The process of ultrafiltration therefore 
caused only a negligible change in the composition of ultrafiltrate 
and milk. The results of the analyses are given in Table I. 
Ionized magnesium was determined by saturation with MgTrop, 
as described earlier in this paper. Lactose was not determined 
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in the same ultrafiltrates, for the reason that it was the result of 
the analyses that made it probable that lactose combines with cal- 
cium and magnesium. It was found upon analysis of separate 
samples of the market milk in Oslo that the concentration of lac- 
tose in the ultrafiltrate amounted to 5.25 gm. per 100 cc.; #.e., 
0.146 mole per liter. The method of Jacobsen (1938) was used. In 
calculating the concentration of lactose - Mg and lactose -Ca (Table 
II), the concentration of lactose was assumed to be 0.15 mole per 
liter in all the ultrafiltrates. The results of the calculations of 


Taste | 
Analysis of Ultrafiltrate of Milk 
The results are expressed in mm per liter. 


Milk No. |g), | TotalMg| (Mgv] | TotalCa | Total | pH 
I F; 2.53 | 0.46 8.54 8.94 | 11.35 | 6.77 
F; 2.48 | 0.48 8.63 9.12 6.77 
9.20 
Fy 2.49 | 0.48 8.68 8.83 6.75 
2.54 | 0.49 9.37 
F; 0.45 8.68 9.28 6.75 
0.44 9.40 
Fy 9.08 | 11.90 
9.54 
F; 11.85 
Il F; 2.65 | 0.47 9.70 9.13 6.73 
2.67 0.47 9.70 8.94 
F; 11.40 | 6.70 
11.40 


the concentration of the different fractions of calcium, magnesium, 
and citric acid in the ultrafiltrates in Table I are given in Table II. 


Calculation of Ionic Strength of Ultrafiltrate of Milk 
The results of the calculation of the ionic strength of Ultra- 
filtrate I-F, are given in Table III. The concentration of inorganic 
phosphate was 11.35 mm per liter and [H'] was 1.70 X 10-7. The 
second dissociation constant of phosphoric acid was calculated 
from the formula pK’, = 7.15 — 1.25 \/u (Sendroy and Hastings, 
1926-27). Assuming the ionic strength of the ultrafiltrate to 


Ne 
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II 
Magnesium and Calcium Distribution in Ultrafiltrate of Milk 
The results are expressed in mm per liter. 


| 
= 
Zz = = 
1 | Fe | 0.46) 0.23, 1.82 0.02, 1.05) 0.13, 5.87| 0.05, 1.77) 0.83\—0.03 
Fs | 0.48) 0.24) 1.74 0.02 0.96, 0.12| 6.27) 0.05, 2.06, 1.03|—0.78 
F. | 0.48 0.24 1.77, 0.02, 0.98 0.13, 6.15, 0.05, 1.98, 0.99|—0.49 
| Fz | 0.47) 0.23) 1.94) 0.02) 1.10, 0.15) 5.78] 0.05, 1.66, 0.83|+1.38 


As an illustration the calculations for Ultrafiltrate I-F, are given here. 


[Mg’’] [lactose] _ 0.46 X X 0.15 
0.3 0.3 


[Lactose-Mg] = 
= 0.23 X 10-* mole per liter 

(MgC’] + [MgCH] = [total Mg] — [Mg"’] — [lactose-Mg] 
= (2.53 — 0.43 — 0.23) X 10-* = 1.84 X 10 mole per liter 


[MgCH]_ _ 17107 
[MgC’] 2xX10*%* 


per liter and |MgC’] = 1.82 X 10-* mole per liter 


whence [MgCH] = about 0.02 X 10-* mole 


[MgC’} 1.82 10° 
= —— X 2.65 X 10° = .65 X 


= 1.05 X 10° mole per liter 


1.7 X 1077 1.05 X 10° 
1.35 X 10° 1.35 X 10* 0.13 X 10~* mole per liter 


= 


{CaC’] + [CaCH] = [total citric acid) — [MgC’] — |MgCH] —[HO”} 
= (8.94 —- 182 — 0.02 — 1.05 — 0.13) 
X 10-* = 5.92 X 10 mole per liter 


(CaCH} lH) _ 17x 107 
[(CaC’] 2xX10* 2x 10% 


per liter and [CaC’] = 5.87 X 10 mole per liter 


whence [CaCH] = about 0.05 X 107 mole 
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TaBLe IIl—Concluded 
[CaC’] 5.87 X 107° 


= 1.77 X 10° mole per liter 
[lactose] 1. 107 0. 


0.3 0.3 
= 0.88 X 10-* mole per liter 


Calcium balance = [total Ca] — [lactose-Ca] — [CaC’] — |CaCH] — [Ca™] 
= (85 — 0.88 —- 587 — 0.05 — 1.77) 
xX 10° = —0.03 X 10 mole per liter 


Taste III 
Corrected Ionic Strength of Ultrafiltrate of Milk 
Concentration | Ionic strength Anions Cations 
mo per l. mM per l. m.eq. per l. en 
Na’ 20 10.0 20.00 
kK’ 42 20.5 | 42.00 
CaC’ 5.87 2.9 5.87 
MgC’ 1.82 0.9 1.82 
HPO, 5.88 2.9 5.88 | 
cl’ 32 16.0 32.00 | 
Mg” 0.46 0.9 0.92 
Ca” 1.77 3.5 3.54 
HPO,”’ 5.47 11.0 10.94 
or 1.05 4.7 3.15 
Undetermined anions 6.80 
Sum 73.3 66.46 | 66.46 


be about 0.08, pK’, = 7.15 — 1.25,/0.08 = 6.80 and K’, = 
1.58 X 10°’. Then 

[HPO,”] _ 1.58 X 107 _ 5.47 X 107 

{H:PO,’] 1.70107 5.88 10° 


If we assume that all of the sodium, potassium, and chloride is 
in the form of ions, and that the inorganic phosphate, as deter- 
mined by the method of Fiske and Subbarow, is present only as 
H,PO,’ and HPO,”, then the ionic strength of the ions of which 
the concentration is known from analysis and calculation is 


ane 
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estimated to be 0.0733. From the last two columns of Table III 
it is seen that the sum of the bases exceeds the sum of the acid 
equivalents. The difference, 6.8 milliequivalents per liter, is 
supposed to be represented by SO,”, HCO,’, lactate’, ete. Assum- 
ing the ionic strength of these ions to be about 0.005, the total 
ionic strength of Ultrafiltrate I-F; is about 0.078. The value 
previously chosen for the ionic strength of ultrafiltrate of milk 
(u 0.08) must therefore be regarded as being approximately correct 
and the calculations made on the assumption that u = 0.08 need 
not be repeated. Whether the ionic strength of whole milk 
(calculated per kilo of water) approximates that of the ultrafiltrate 
depends upon the manner in which it is influenced by the electric 
charge of the non-diffusible ions (Van Slyke et al., 1925). 


Comment 


It is of interest to note that the concentration of ionized magne- 
sium found in ultrafiltrate of market milk, 0.4 to 0.5 ma per liter, 
is the same as previously found in ultrafiltrate of blood serum 
(Nordbé, 1939), whereas total magnesium was found to be about 
2.5 and 0.7 mm per liter respectively. Furthermore, the values 
calculated for the concentration of ionized calcium in ultrafiltrate 
of milk approximate the values for total calcium in ultrafiltrate 
of blood serum. Practically all of the calcium in ultrafiltrate of 
blood serum is present in the form of calcium ions (McLean and 
Hastings, 1934). In ultrafiltrate of milk the concentration of 
total calcium was found equal to 8.5 to 10 mm per liter; #.e., the 
ionized calcium amounts to about 20 per cent of the total calcium. 
The concentration of citric acid and of lactose is of the order of 
magnitude necessary to account for the non-ionized magnesium 
and calcium, assuming the concentration of ionized magnesium 
and calcium to be equal to that in ultrafiltrate of blood serum. 
This fact is undoubtedly of importance when the complicated 
question of milk secretion is being discussed. It would be desira- 
ble to make simultaneous analyses of milk and blood serum from 
the same individual. It is also considered important to carry 
out analyses of milk samples obtained in successive stages of 
milking in order to see whether there are any fixed relations 
among the concentrations of citric acid, lactose, ionized and non- 
ionized magnesium and calcium. In considering the question 
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of the nutritive properties of milk as food for suckling infants it 
is of importance to bear in mind that both lactose and citric acid 
combine with calcium and magnesium to form non-ionized com- 
pounds, thereby reducing the risk of phosphate precipitation 
in the intestine. Shohl (1937) found that by feeding rats with 
a citric acid-sodium citrate mixture in addition to otherwise 
rachitogenic diets the development of rickets was prevented. 
Kline et al. (1932) and French and Cowgill (1937) found that the 
presence of lactose in the diet favorably influences the utilization 
of calcium and phosphorus by the growing organism. Siwe (1938) 
suggests the use of undiluted cow’s milk to which citric acid has 
been added as a substitute diet for infants. Meyer (1927) and 
Weissenberg (1928) also recommend a “citric acid milk.”’ It is 
known that the addition of citric acid to cow’s milk produces a 
more finely divided casein precipitate. If this is due to a reduc- 
tion in the concentration of calcium ions, a similar effect might be 
expected from the addition of extra lactose. 


SUMMARY 


1. The results of analyses of K, Na, Ca, Mg, Cl, inorganic 
phosphate, and citric acid and of the determination of [H'] and 
[Mg"’] indicate a value for the ionic strength of about 0.075 to 
0.08 in ultrafiltrate of fresh market milk. 

2. At 37° and u 0.08 the dissociation constant of calcium citrate 
was found to be 3.16 X 10~‘ and of magnesium citrate 2.65 X 10~‘. 

3. It has been shown that lactose combines with calcium and 
magnesium to form non-ionized compounds. 

4. The concentration of magnesium ions in ultrafiltrates of 
fresh market milk is 0.4 to 0.5 mm per liter. Total diffusible 
magnesium is about 2.5 mm per liter. 

5. Of the diffusible calcium of fresh market milk (8.5 to 10 mm 
per liter) only about 20 per cent is present as calcium ions. 

6. The importance of citric acid and of lactose for the absorp- 
tion of phosphate, calcium, and magnesium by the growing or- 
ganism has been discussed. 
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There is need for more satisfactory methods for the quantitative 
and qualitative determination of the steroid sex hormones. It 
appears that these methods must be of a chemical nature, for 
although biological methods may always have the advantage in 
certainty in proving the presence of physiologically active material, 
they show little promise of qualitative accuracy. Qualitative 
methods of assay are required because of the marked differences 
in biological activity of some of the hormones (1, 2). 

Several attempts have been made to develop methods of andro- 
gen assay based on the colorimetric estimation of the compounds 
formed when solutions containing androgens are treated with 
m-dinitrobenzene in the presence of an alkali (3-9). The evidence 
thus far presented shows that the correlation between the colori- 
metric and biological assays is not as good as one could wish. The 
obvious difficulties are that (a) the colorimetric measurements 
include the effects produced in the chosen wave-length region by 
all urinary compounds present, and (6) no distinction is made 
between the various hormones which may differ markedly in bio- 
logical activity. It is apparent that, until some method of dis- 
tinguishing between the various hormones is devised, marked 
discrepancies may be expected to appear in a correlation of chemi- 
cal with biological assays. 

In an attempt to obtain information which might be useful in 
development of methods of androgen assay, a study has been made 
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of the absorption spectra of the compounds formed in the m-di- 
nitrobenzene reaction in alcoholic solutions of synthetic andro- 
sterone and testosterone. These hormones were chosen for the 
initial study because they differ greatly in biological activity; 
consequently it is important to be able to distinguish between 
them. Knowledge concerning such spectra is extremely limited; 
some rough curves obtained with filters have been published 
(4, 8), but these extend only over the wave-length region \ 4300 
to 6100. The results of the preliminary investigation reported in 
this article cover the range \ 2800 to 9000, and indicate that such 
studies may be important in development of satisfactory methods 
of assay. They show that reasonably accurate determinations of 
the amounts of synthetic androsterone and testosterone in an 
alcoholic solution can be obtained readily from examination of the 
absorption spectrum of the reaction mixture. While difficulties 
are to be expected in the application of the results to the analysis 
of urine extracts, the findings provide a promising basis on which 
to work. 


EXPERIMENTAL 


m-Dinitrobenzene Reaction—The reaction conditions employed 
in this work were very similar to those used by Callow et al. (8). 
A measured quantity of a solution of androsterone, or of testo- 
sterone, or both, in absolute alcohol was placed in a test-tube, and 
the volume brought up to 0.20 ce. by addition of alcohol. 0.20 cc. 
of a solution of m-dinitrobenzene, and then 0.20 cc. of a 2.5 Nn KOH 
solution, both in absolute alcohol, were added. The mixture, 
together with a blank prepared in a similar way but containing 
no hormone, was placed in a constant temperature bath at 25.1° 
+0.1°, and allowed to develop for the desired length of time. On 
removal from the bath the test and blank reaction mixtures were 
diluted to an appropriate volume with absolute alcohol, and trans- 
ferred to absorption cells for spectroscopic examination. This 
was completed within 15 minutes after dilution of the mixtures; 
no change in the absorption characteristics was observed within 
this time. For the major part of the investigation the concentra- 
tion of m-dinitrobenzene in the stock solution was 11.6 mg. per cc., 
and the development time was 80 minutes; the dilution at the end 
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of the development was usually made by adding 4.0 cc. of absolute 
alcohol. 

Reagents—Highest grade commercial absolute alcohol was used 
throughout the investigation. High grade m-dinitrobenzene 
(Eastman Kodak Company) and KOH (Merck’s reagent) were 
used; the former was further purified, and the latter was made up 
and checked for correct concentration, according to the directions 
given by Callow et al. (8). Fresh stock solutions of both were 
made up each week, and when not in use were kept in the dark at 
low temperature. They showed no trace of discoloration during 
the period in which they were used. 

Hormones—Samples of crystalline androsterone and testosterone 
were obtained through the kindness of Dr. Erwin Schwenck of the 
Schering Corporation. They were made up in known solutions 
with absolute alcohol, without further purification. 

Determination of Absorption Curves—The_ extinction-wave- 
length curves for the test mixtures minus those for the correspond- 
ing blanks were determined photographically with the aid of a 
Spekker photometer and a Hilger E-2 quartz spectrograph. The 
light source for observations up to \ 7000 consisted of a condensed 
spark between tungsten-steel or vanadium-iron electrodes, while 
for observations at greater wave-lengths an incandescent source 
was employed. Eastman Kodak No. 1-F and No. 1-L photo- 
graphic plates were used. The quartz absorption cells contained 
a layer of solution 1 em. thick. 

A series of spectra, in which the intensity of the light beam 
passing through the blank solution was varied in steps correspond- 
ing to an extinction difference of 0.1 at important points, was taken 
for each reaction mixture; by interpolation between these spectra 
extinction values could be read off to 0.03. 

It was found that a change (from 4 to 10 ec.) in the amount of 
alcohol added to a reaction mixture at the end of the development 
period produced no detectable effect on the shape of the extinction 
curve, and that the extinction values agreed with those expected 
from a consideration of Beer’s law. In some samples therefore 8.6 
rather than the usual 4.0 cc. of alcohol were added in order to 
obtain more suitable conditions for photometry. The measure- 
ments for such samples were reduced to terms of a 4.0 cc. dilution 
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by application of Beer’s law, and all the following data are given 
on this basis. In these cases the error in the extinction value 
introduced by errors in evaluating the plates is not more than 0.06. 


Absorption Spectra of Reaction Mixtures 


The extinction, represented by the symbol K, is defined by 
Kl = log (¢’/t), where 7’ and 7 represent respectively the intensities 
of light transmitted through a thickness | of the blank and test 
solutions. The K-\ curves therefore correspond to the absorption 
spectra of compounds associated with the presence of the hormones. 

No bands were detected in the \ 7000 to 9000 region for any of 
the reaction mixtures studied; this region has accordingly been 
omitted from the graphs. On the short wave-length end of the 
spectrum the observations were limited by the excessive absorption 
of the reagents. The extinction (against alcohol) of a blank rees- 
tion mixture made up with 11.6 mg. per cc. stock dinitrobenzene 
and developed for 80 minutes at 25.1° was 0.30 at \ 5200, 0.40 at 
\ 4025, rose gradually to 1.4 at \ 3115, and then rapidly to 3.2 at 
2950. The absorption of the blank in this region is due almost 
entirely to the presence of the dinitrobenzene, since alcoholic KOH 
in the concentration used has an extinction of only 0.1 at \ 2900, 
0.2 at \ 2700, and 0.4 at \ 2400. Examination of the spectra of 
reaction mixtures made up with 11.6 mg. per cc. stock dinitro- 
benzene was therefore impractical below about \ 3100 with our 
apparatus. Reduction of the amount of added dinitrobenzene, 
however, permitted examination of the spectra at shorter wave- 
lengths. The extinction (against alcohol) of a blank reaction mix- 
ture made up with 1.74 mg. per cc. stock dinitrobenzene and 
developed for 100 minutes at room temperature was 0.4 at \ 2950, 
0.8 at \ 2800, and 1.0 at \ 2780. Under such conditions the spectra 
could be examined down to about \ 2700. 

Typical data on the extinction curves for reaction mixtures 
containing androsterone, testosterone, or both, are presented in 
Figs. 1 to 5. The following remarks may be made concerning the 
main features of these results. 

The absorption spectra of reaction mixtures containing andro- 
sterone are quite different from those of mixtures containing testo- 
sterone. The spectra of the former are characterized by the ap- 
pearance of the visible band (maximum at \ 5200), and bya minimum 
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at about \ 3800; those of the latter exhibit low absorption in the 
5200 region, a band having its maximum at about A 3800, and 
strongly increasing absorption toward still shorter wave-lengths 
(Curves a and b, Figs. 1 and2). It may be noted here that an in- 
crease in the amount of dinitrobenzene added shifts the strong absorp- 
tion of the testosterone mixture below \ 3000 toward longer wave- 
lengths, and obscures the minimum at A 3200. The spectra are 
presumably due almost entirely to the hormone compounds, since 
equivalent alcoholic solutions of the hormones themselves do not 
produce a comparable extinction. Calculations based on unpub- 
lished data show that the extinction of a 0.043 mg. per cc. solu- 
tion of androsterone in alcohol is only 0.006 at \ 3000, while the 
corresponding value for testosterone is about 0.03. 

The shape of the extinction curve for androsterone mixtures is 
almost independent of changes in various factors studied (Fig. 3). 
Under fixed reaction conditions it does not vary with the amount 
of androsterone present. An increase in the amount of dinitro- 
benzene added (from 0.4 to 2.3 mg.) possibly results in a slightly 
greater relative absorption below \ 3500. The curves for mixtures 
developed for 10 minutes and for 60 minutes differ in shape only 
in that the former has a slightly lower relative absorption in the 
3800 region. 

On the other hand the shape of the curve for testosterone mix- 
tures is considerably affected by changes in some of the factors 
studied (Fig. 4). An increase in the amount of dinitrobenzene 
added (from 0.4 to 2.3 mg.) causes not only the previously men- 
tioned shift toward longer wave-lengths of the strong ultraviolet 
absorption and the disappearance of the \ 3200 minimum, but also 
considerably decreases the extinction at \ 3800 relative to that at 
5200. A decrease in the amount added (from 0.4 to 0.23 mg.) 
has the opposite effect as might be expected. This change in the 
spectrum appears more likely to be related to the effect of environ- 
ment on the absorbing molecules than to any change in the com- 
pound formed in the reaction. Under fixed reaction conditions 
the shape of the curve is little, if at all, affected by changes in the 
amount of testosterone present, and there is no definite evidence 
that it is appreciably different for development times of 39 and 
101 minutes. 

The shape of the curve for mixtures containing both andro- 
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sterone and testosterone is almost, but not quite, that calculated 
by superimposing the curves for equivalent amounts of the hor- 
mones developed separately; the values of the extinction are, how- 
ever, somewhat less than those calculated by superposition. 
These features are illustrated in Curves c and d of Figs. 1 and 2, 


15 
a 
4 
05 
a 
2 3 + 5 6 7 
d (x10 %A) 


Fie. 1. Extinction curves for androsterone, testosterone, and andro- 
sterone plus testosterone reaction mixtures; dinitrobenzene stock solution 
2.0 mg. per cc., 80 minutes development at 25.1°. Curve a 0.18 mg. of 
androsterone, Curve b 0.19 mg. of testosterone, Curve c 0.18 mg. of andro- 
sterone plus 0.19 mg. of testosterone, Curve d sum of Curves a and b. 


and will be referred to later. The curves of Fig. 5 have been 
included in this article because they show clearly the effects pro- 
duced on the absorption curve by increasing the testosterone con- 
tent of a mixture containing an essentially constant amount of 
androsterone. It will be noted that as the testosterone content 
increases, there is a marked increase in the violet and ultraviolet 
absorption. 
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Analysis of Solutions of Hormones 


It should be emphasized that the present problem differs con- 
siderably from that usually encountered in making analyses with 
the aid of absorption spectra. It is required to determine the 
concentrations, not of the substances directly responsible for the 
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Fic. 2. Extinction curves for androsterone, testosterone, and andro- 
sterone plus testosterone reaction mixtures; dinitrobenzene stock solution 
11.6 mg. per cc., 80 minutes development at 25.1°. Curve a 0.15 mg. of 
androsterone, Curve b 0.19 mg. of testosterone, Curve c 0.15 mg. of andro- 
sterone plus 0.19 mg. of testosterone, Curve d sum of Curves a and b. 


appearance of the observed bands, but of the hormones from which 
these substances are produced. A consideration of the laws 
governing chemical reactions indicates that formation of a com- 
pound from one hormone will be influenced by the presence of a 
second hormone which takes part in a reaction involving the 
same reagents. Consequently the extinction curve for a reaction 
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mixture containing two hormones cannot be expected to corre- 
spond exactly with that calculated by superimposing the curves for 
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Fic. 3. Effect of various factors on the shape of the extinction curve for 
androsterone reaction mixtures. All determined points for reaction mix- 
tures containing 0.10, 0.15, 0.30, and 0.40 mg. of androsterone (stock dinitro- 
benzene, 11.6 mg. per cc., development for 80 minutes at 25.1°) fall within 
the area enclosed by the dashed lines; the points have not been plotted in 
order to avoid confusion. Points indicated by @ give the curve shape for 
a reaction mixture containing 0.18 mg. of androsterone developed for 80 
minutes at 25.1°, but made up with 2.0 mg. per cc. stock dinitrobenzene 
solution. The points indicated by + and O give respectively the curve 
shapes for reaction mixtures containing 0.2 mg. of androsterone made up 
with 20 mg. per cc. stock dinitrobenzene solution and developed at room 
temperature for 60 minutes and 10 minutes. 


equivalent amounts of the hormones developed separately. If 
the discrepancy is large, it cannot be disregarded in any method 
of assay which depends on a determination of light absorption. 
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The data of Figs. 1 and 2 show that the extinction of a mixture 
containing both androsterone and testosterone is appreciably lower 
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Fic. 4. Effect of various factors on the shape of the extinction curve for 
testosterone reaction mixtures. All determined points for reaction mix- 
tures containing 0.10, 0.19, 0.30, and 0.40 mg. of testosterone made up with 
11.6 mg. per cc. stock dinitrobenzene solution and developed for 80 
minutes at 25.1° fall within the area enclosed by the dashed lines; the points 
have not been plotted in order to avoid confusion. Points indicated by @ 
give the curve shape for a reaction mixture containing 0.19 mg. of testo- 
sterone developed for 80 minutes at 25.1°, but made up with 2.0 mg. per ce. 
stock dinitrobenzene solution. Points indicated by + and © give 
respectively the curve shapes for reaction mixtures containing 0.2 mg. of 
testosterone made up with 1.16 mg. per cc. stock dinitrobenzene solution 
and developed at room temperature for 39 minutes and 101 minutes. 


than it would be if the reactions involving the hormones were 
entirely independent. For the following reasons this decrease is 
attributed to a reduced formation of the androsterone compound 
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in the presence of testosterone; there is no indication that forma- 
tion of the testosterone compound is noticeably affected by the 
presence of androsterone. 

On the average, the discrepancy between the observed extinction 
of a mixture containing both hormones and the value calculated 
by adding the observed extinctions for equivalent amounts of the 
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Fia. 5. Effect of testosterone on the extinction curve of reaction mixtures 
containing androsterone; stock dinitrobenzene solution 11.6 mg. per cc., 80 
minutes development at 25.1°, Curve a 0.10 mg. of androsterone, no testo- 
sterone, Curve b 0.11 mg. of androsterone plus 0.10 mg. of testosterone, 
Curve c 0.11 mg. of androsterone plus 0.30 mg. of testosterone. 


hormones developed separately, is about 9 per cent at \ 3800, but 
increases to about 18 per cent at \ 5200. The testosterone com- 
pound is usually responsible for the greater part of the absorption 
at \ 3800 in these experiments, while the extinction at \ 5200 is 
mostly due to the androsterone compound. The discrepancies 
are such as would appear if the amount of the androsterone com- 


G. O. Langstroth and N. B. Talbot 769 


pound present were less than that expected on the basis of the 
results obtained with separate development (Figs. 1 and 2 and 
Table II). 

The discrepancy referred to above increased at A 5200 but was 
not much affected at \ 3800, when the amount of added dinitro- 
benzene was reduced from 2.3 to 0.4 mg. This fact furnishes fur- 
ther support for the view that formation of the androsterone com- 
pound is noticeably affected by changes in reaction conditions, 
while the formation of the testosterone compound is not (Figs. 1 
and 2). 

The calibration curve (viz. extinction versus amount of hormone, 
developed separately) for androsterone is not linear; the amount 
of the compound produced per unit amount of androsterone de- 
creases as the total amount of androsterone present increases. 
The efficiency of the reaction in producing the compound is there- 
fore influenced even by moderate increases in the amount of 
androsterone itself. On the other hand the calibration curve for 
testosterone is linear within the experimental error over the range 
covered by the experiments; 7.e., the efficiency of formation of the 
testosterone compound is essentially constant. Both these fea- 
tures are in accord with the views expressed in the two paragraphs 
above. The calibration curves are given in Fig. 6. 

Absorption spectrum determinations of the amounts of andro- 
sterone and testosterone in synthetic mixtures agree reasonably 
well with the known values provided the assumption be made that 
the presence of testosterone affects the androsterone reaction and 
that the converse is not so (Table II). 

It is clear from the preceding discussion that before accurate 
analysis of mixtures of the hormones can be made one must know 
(a) the calibration curve for each of the hormones, and (6) the 
effect produced by the presence of each hormone on the formation 
of the absorbing compound from the other. The first of these is 
readily ascertained; the second must be inferred from appropriate 
data. On the basis that the presence of androsterone does not 
affect the testosterone reaction, the figures in the last column of 
Table I give some indication of the decrease in efficiency of the 
androsterone reaction due to the presence of testosterone. This 
decrease appears to depend on the relative amounts of andro- 
sterone and testosterone present; it is about 33 per cent when the 
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ratio of the amounts present is 0.37, and about 16 per cent when 
the ratio is 3.2. Strictly speaking the actual efficiencies of the 
reactions are expected to be representable by complicated func- 
tions involving the amounts of hormones and reagents and factors 
descriptive of the experimental conditions employed. The term 
efficiency as used above refers only to the amount of a compound 


TABLE I 


Relation between Observed and Expected Extinction for Reaction Mixtures 
Containing both Hormones 


The symbols have the following significance; K denotes the extinction 
of the mixture containing both hormones, K the extinction of the andro- 
sterone compound when testosterone is absent, and Ku the extinction of 
the androsterone compound when testosterone is present. 


K (observed) K Aver- 

Kiobserved) | K(expected)* | 4 
Andro- Testo- | pect (calculated) 
“5200 | 3800. 5200 0.3800 | 5200 3800 3800 K 


i | | | | | | 

0.11 | 0.30 | 0.37, 1.66 1.70, 1.97 | 1.84 | 0.84 | 0.92 | 0.87 0.21 0.67 
0.22 0.31 | 0.71, 2.26 2.00 3.06 | 2.17 | 0.73 0.92 | 1.45, 0.47 0.69 
0.15/ 0.19 0.79, 1.80 1.32, 2.14 1.44 | 0.84 | 0.92 | 1.26 0.33 0.76 
0.11 0.10 | 1.10 1.25 0.80 1.50 | 0.93 | 0.83 | 0.86 | 0.93 0.22 0.71 
0.32| 0.21 | 1.5 | 2.90 1.80, 3.64 | 1.96 | 0.79 | 0.92 | 2.31 0.72 0.79 
0.32| 0.10 3.2 2.96) 1.30 3.37 | 0.88 0.89 2.64 0.72 0.84 


* The sum of the extinctions for equivalent amounts of the hormones 


developed separately. 

t The extinction for the mixture minus that for the testosterone com- 
pound developed separately; this calculation assumes that the amount of 
testosterone compound formed is the same whether androsterone is present 


or not. 


present after a given time of development under given conditions; 
it is conceivable that alteration of some factor might result in a 
lowered efficiency in this sense, but at the same time might produce 
an increased efficiency at some other point in the reaction. It 
should therefore be emphasized that extrapolation of the findings 
to other regions or experimental conditions is dangerous. 

For the purposes of the present paper the relative efficiency of 
the androsterone reaction in the presence of testosterone is con- 
sidered to have a constant value equal to the average of the 
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figures given in the last column of Table I; i.e., the amount of 
androsterone compound formed in the stated time under the stated 
conditions is taken to be 75 per cent of that which would have 
been formed had the testosterone been absent. The calibration 
curves for the hormones are well represented by the following 
empirical equations (see Fig. 6). 


mg. Androsterone mg. Testosterone 


Fic. 6. Calibration curves for androsterone and testosterone showing the 
relation between the extinction at \ 5200 or 3800 and the amount of hor- 
mone present; the hormones were developed separately. 


Ks200 = 11.0M — 5.0M? (1) 
Kasoo = 3.14M — 1.43M? 

kszoo = 2.51m + 0.04 

Kasoo = 4.50m + 0.08 


In these equations K and k represent respectively the extinction 
due to the androsterone compound and to the testosterone com- 
pound; M and m denote respectively the amounts (in mg.) of 
androsterone and testosterone initially present. On the basis 
outlined above the extinction due to the androsterone compound 
in mixtures containing testosterone is given by equations obtained 
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from the first two by multiplying the coefficients by 0.75. Ac- 
cordingly, for such mixtures the total extinction is given by 


Risoo = 8.25M — 3.75M* + 2.51m + 0.04 (2) 
Risoo = 2.35M 1.07M? 4.50m 0.08 


Solution of these equations leads to 


3.52Rss0 — (Ks200 + 0.24) 
n= (3) 
13.3 


M = 1.10 — (1.20 + 0.174Kgs00 — 0.316 K sem)? 


It is possible to calculate M and m from these equations once 
Ks200 and Kgs00 have been determined from examination of the 
absorption spectrum. 

A comparison of determined and known amounts of andro- 
sterone and testosterone in alcoholic solutions is given in Table II. 
The values determined with the aid of Equations 3 are given in 
Columns 5 and 6. Since it is of some interest to know the effect 
of neglect of the influence of testosterone on the androsterone 
reaction, values determined with the aid of Equations 1 only are 
included in Columns 7 and 8. Column 9 contains determinations 
in terms of “sterone” units (8), obtained by reading off from the 
androsterone calibration curve the amount of androsterone which 
would give an equivalent extinction at \ 5200. 

The following remarks may be made concerning the data of 
Table II. (a) The determined values of Columns 5 and 6 agree 
quite well with the known values. (6) Determinations made on 
the assumption that the reactions are independent (Columns 7 
and 8) are somewhat lower than the known values for andro- 
sterone. (c) The “sterone” assay gives values for these samples 
which are in fairly good agreement with the known androsterone 
contents. At first sight it is rather surprising that this should be 
so, since the extinction at \ 5200 is partly due to the testosterone 
compound. The explanation is that for these samples the addi- 
tional extinction due to the testosterone compound is partially 
compensated for by a reduced efficiency of the androsterone 
reaction. 

It is of some interest to consider how the spectrochemical assay 
and the “sterone” assay of these samples would be expected to 
compare with the biological assay. (The term spectrochemical 
is used to denote a method which involves both spectroscopic and 


» 
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chemical treatment.) In view of the fact that testosterone is 
about 6 times more active physiologically than androsterone, the 
“equivalent” mg. of androsterone contained in each of the samples 
is obtained by adding the androsterone content to 6 times the 
testosterone content. The figures of Table III were obtained in 
this way from the data of Table II; the values for the biological 
assay were calculated from the known composition of the samples. 


TaBLe II 
Comparison of Determined and Known Composition of Synthetic 
Hormone Solutions 


Known compesition| Observed & Determined compesitica 


Andro- Testo- | » 5200 | d 3800 Andro- | Testo- | Andro- | Testo- | “Sterone” 


sterone sterone  sterone sterone units 
(1) (2) (3) | (4) (5) (6) (7) | @® | (9) 
O.11 | 0.10 | 1.25 | 0.80 | 0.12 0.10 | 0.08 0.10 | 0.12 
0.11 | 0.30 | 1.66 | 1.70 | 0.11 | 0.31 | 0.08 | 0.31 | 0.16 
0.15 | 0.19 1.80 1.32 | 0.16 | 0.20 | 0.12 0.20 | 0.17 
0.32 0.10 | 2.96 | 1.30 | 0.39 0.10 0.27) 0.10 0.31 
0.32 | 0.21 | 2.90 | 1.80 | 0.32 0.24 | 0.23 0.24 0.30 
0.22 | 0.31 | 2.26 | 2.00 | 0.19 | 0.34 | 0.13 | 0.34 | 0.22 


Comparison of Activities of Synthetic Samples As Assayed by Different 
Methods (Estimated) 

The results are given as equivalent mg. of androsterone. 


Biological assay Spectrochemical assay “Sterone” assay 
0.71 0.72 0.12 
1.91 1.97 0.16 
1.29 1.36 0.17 
0.92 0.99 0.31 
1.58 1.76 0.30 
2.08 2.23 0.22 


The data of Table III indicate that application of spectrochemi- 
cal methods to the assay of urine extracts may be expected to lead 
to more significant results than do present methods. While 
testosterone has not yet been isolated from the human urine, 
there is the possibility that it may sometimes be present in rela- 
tively high concentrations. The failure of present methods of 
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“sterone”’ assay to give a reliable indication of the activity of urine 
extracts which possess marked absorption in the violet region may 
possibly be of some significance in this respect. Difficulties are to 
be anticipated in the application of spectrochemical methods to the 
assay of urine extracts: the inactive substances present may not 
only give rise to interfering spectra, but may also seriously influ- 
ence the chemical reactions which result in the formation of the 
absorbing compounds. The findings of the present investigation 
give some basis for hope, however, that more satisfactory methods 
of assay can be developed. Work on the problem is now in 


progress. 


This work was carried out under a grant from the Rockefeller 
Foundation to Professor George R. Harrison for the application 
of spectrophotometry to medical problems. 


SUMMARY 


The compounds formed by androsterone and testosterone in 
the m-dinitrobenzene reaction have distinctly different absorption 
spectra in the wave-length region \ 2800 to 7000. These differ- 
ences permit reasonably accurate determinations to be made of 
the amounts of synthetic androsterone and testosterone in alco- 
holic solutions containing both hormones. There is evidence that 
the reaction involving androsterone is appreciably influenced by 
the presence of testosterone; for the most accurate determinations 
it is necessary to take this factor into consideration. It is hoped 
that an application of these findings to the androgen assay of 
urine extracts may yield results of greater significance than do 
present methods. A study of the problem is now in progress. 
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621 


Biotic acid: Liver, growth sub- 
stance, new (Eakin and WIL- 


LIAMS) xxiii 
Blood: Adrenalin determination 
(Boor) ix 


Androgenic substances, castra- 
tion effect (McCuLiacu 
and Daoust) Ixv 

Carbon dioxide effect (Conn, 
TANNENBAUM, THALHIMER, 


and HastTINnGs) 109 
Chicken, urea determination 
(HoweELL) 573 


Cholesterol, herpes, vitamin 
B, and sulfanilamide effect 
(Member and BruGer) 

Ixix 

—, ultraviolet irradiation effect 
(Knupson, Srurces, and 
Bryan) 721 
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Blood—continued: 
Concentration, morphine ad- 
dicts (WILLIAMS) exi 
Electrolytes, muscle and, ex- 
change, adrenal insufficiency 


(MUNTWYLER, MavtTz, 
Maneoun, and MELLors) 
lxxiv 
Hemoglobin, diurnal variations 
(McCarruy and VAN 
SLYKE) 567 
Infant, prothrombin (Quick) 
Ixxx 


Iron, fetus (Mason) lxiv 
Maltose determination, glucose 
presence (KOEHLER, MarsH, 
and Hr.) liii 
Oxygen effect (Conn, TANNEN- 
BAUM, THALHIMER, and 
HastTINGs) 109 
Physicochemical system, lactic 
acid in (Jonnson and 
SON) xl viii 
Pigment, abnormal, sulfanil- 
amide relation (WENDEL and 
WENDEL) cix 
Pneumococcus Type XIV poly- 
saccharide, capsular, specific 
substance, relation (GOEBEL, 
Berson, and HoaGianp) 
XXXiv 
Pneumonia, oxygen and carbon 
dioxide effect (Coun, Tan- 
NENBAUM, THALHIMER, and 
HAstTINGs) 109 
Quinine determination (KYKER 
and ANDREWS) lviii 
Sulfanilamide effect (Wess 
and KNIAzuKk) 511 
Thyroid hormone iodine and 
iodide, basal metabolism, re- 
lation (McC.Lenpon and 
Rice) lxv 


Index 


Blood—¢cdntinued: 

Water, muscle and, exchange, 
adrenal insufficiency (MuNt- 
WYLER, Mavutz, Manoun, 
and MELLOoRs) lxxiv 

Blood cell: Red, absorption spec- 
tra, light scattering effect 
(DRaABKIN and SINGER) xxi 

—, posthemolytic residue 

(HorrMan and Bgacu) xiv 

—, amino acids (BEacu, 

ERICKSON, BERNSTEIN, WIL- 

LIAMs, and Macy) 339 

—, stroma, polycythemia 

(HorrMan and Beacu) xlv 

Blood plasma: Electrolytes, 
Addison’s disease, desoxy- 
corticosterone acetate effect 
(Tnorn and Howarp) cii 

Volume, Addison’s disease, 
desoxycorticosterone acetate 
effect (THorn and Howarp) 

cii 

Blood serum: Albumin, de- 

naturation (NeuRATH and 


347 
— determination, colorimetric 
(Looney) lx 
—, diffusion and _ viscosity 


measurements, urea presence 


(NeuratH and Saum) 347 
Albumins, crystallization 
(McMEEkIN) Ixvi 


Calcium, determination, micro- 
and SoBe.) 
Choline esterase, purification 


(McMeekrn) Ixvi 
schizophrenia, insulin 
effect (RANDALL) Ixxxii 


Globulin determination, colori- 
metric (LooNEY) lx 


Globulins, partition (REINEKE, 
PeTerson, and TuRNER) 1 


Subjects 


Blood serum—continued: 
Lipids, schizophrenia, insulin 
effect (RANDALL) 
Phosphorus, olive oil ingestion, 
effect (Retser and Hangs) 
Ixxxii 
Proteins, mental disease 
(KoNDRITZER) lv 
—,Tegenerated, diet effect 
and 
Ixxiv 
Body fluids: Alcohol determina- 
tion, aerometric (Harcer, 
BripwE.L, and Raney) 
Bone: Phosphatase, adenosine- 
triphosphate hydrolysis 
(Hircuines and 
xlv 
—, temperature effect (Bopan- 
SKY) x 
Brain: Cholesterol esterase 
(Sperry and Branp) xevii 
Bromide: [Extracellular fluid 
measurement, use (Bropre, 
and Branp) xi 


c 


Calciferol: Thyroparathyroid- 
ectomy-nephrectomy, effect 
(TwEepy, TEMPLETON, 
Patras, McJunkin, and 
McNamara) 407 

Calcium: Blood serum, determi- 
nation, micro- and 
SoBe.) xev 

Dietary, hypervitaminoses D, 
and Ds, effect (MorGan, 
Henpnricks, and Sarmorori) 

Ixxii 

—,lead poisoning, influence 
(Sope., Yuska, Perrovsky, 
and KRAMER) xevi 
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Calcium— continued: 

 Tonized, milk (NorpBé) 745 
_ Calcium phosphates: Solubility 
(Hope) xlv 
| Calcium salts: Lactose utiliza- 
tion, comparison (MiTCHELL, 
Cook, and O’Brien) Ixxi 
_Calculi: Urine, phosphorus-low 


| diet, relation (ScHNEIDER 
and STEENBOCK) Ixxxvii 
Carbohydrate: Dietary, uric 
acid excretion, effect 
(ADLERSBEKG and ELLEN- 
BERG) 379 


Gonadotropic hormone, urine, 
pregnancy (Gurin, Bacu- 
MAN, and WILSON) xxxvii 

-High diets, fat synthesis, fast- 
ing (LONGENECKER) 645 

Muscle, working (Fiock and 
Xxx 

Oxidation, cations, réle 
PARD and EVERETT) xci 

Synthesis, liver, normal and 
diabetic, insulin action 
(Stapig, Lukens, and 
Zapp) xeviii 


Carbon: Rhubarb leaves, excised, 
loss during culture (VickERY 
and PucueEr) 685 
Carbonate: Glycine synthesis 


from chloroacetic acid, am- 
monium hydroxide, and am- 
monium carbonate, effect 
(Dunn, BuTLER, and 
FRIEDEN) xxii 
Carbon dioxide: Blood, influence 
(Coun, TANNENBAUM, THAL- 
HIMER, and Hastine@s) 109 
Carbon tetrachloride: Tissue 
fatty acids, administration 
effect (WINTER) 283 
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Carcinoma: Mammary, phospho-’ 
lipid metabolism, radioactive 


phosphorus as _ indicator 
(Jones, CHAIKOFF, and 
LAWRENCE) 631 


Cardiac: See Heart 

Carotene: Goiter from low iodine 
intake, effect (HaRRIs and 
REMINGTON) xl 
Casein: Deaminized, anemia 
from, amino acid effect 

(GuerRANnT and Hogan) 
363 
Castration: Blood androgenic 
substances, effect (McCuL- 
LAGH and DaovustT) lxv 
Cathepsin: Autolysis effect 
(Ever, Brapiey, and 
FER) 551 
Survival (Eper, BrapLey, and 
BELFER) xxiii 
Cations: Carbohydrate oxidation, 
réle (SHepparp and Ever- 
ETT) xci 
Cephalin(s): Formation rate, 
body (CHARGAFF) xiv 
——, —, unstable isotopes as 
indicator (CHARGAFF) 587 
Turnover (Srnciarr) xcii 
Cereal: Starch, stomach empty- 
ing rate, effect (FRoESCHLE 
and PreRce) XXxi 
Children: Fat excretion (WiL- 
LIAMS, SHEPHERD, and ENp1- 


coTT) exi 
Fecal lipid distribution 
LIAMS, SHEPHERD, and 
EnpIcoTtT) exi 


Chlorella pyrenoidosa: Respira- 
tion and photosynthesis in- 
hibition (GREEN, 
Cartuy, and Kine) 447 


Index 


Chloroacetic acid: Glycine from, 
carbonate effect (Dunn, 
BuTier, and 

xxii 

Cholanthrene: Methyl-, growth 
effect (WuITe and Wuire) 

ex 

Cholesterol: Anemia from (Oxry 
and GREAVES) Ixxvi 

Blood, herpes, vitamin B, and 
sulfanilamide effect (Mem- 
BER and BruGeEr) lxix 

—, ultraviolet irradiation effect 


(Knupson, Srurees, and 
Bryan) 721 
Determination (Rose, Scuatr- 
NER, and Exton) lxxxiv 
Esterase, brain and liver 
(Sperryand Branp)  xevii 


Liver, phospholipid metab- 
olism influence, radioactive 
phosphorus as _ indicator 
(PERLMAN and CHAIKOFF) 
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Skin, ultraviolet irradiation 
effect (KNupson, STURGEs, 
and Bryan) 721 


Tumor tissue, ultraviolet ir- 
radiation effect (KNupDsoN, 
Sturges, and Bryan) 721 

Choline: Body fat, effect (Mc- 
Henry and Gavin) Ixvi 

Esterase, blood serum, purifi- 
cation (McMEEKIN) Ixvi 

—, schizophrenia, insulin effect 
(RANDALL) Ixxxii 

—, specificity (GLick)  xxxiv 

Homocystine and, methionine- 
free diet, growth effect (pu 
VIGNEAUD, CHANDLER, 
Moyer, and 

eviii 
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Choline—continued: 
Liver fat, effect (McHenry 
and Gavin) Ixvi 
Chromium: Succinic dehydro- 
genase-cytochrome system, 
effect (Horecker, Srorz, 


and HoGNgss) 251 


Cinchona: Series, chemical con- 
stitution and antipneumo- 
coccus activity (CRETCHER) 


xviii 


Citric acid: Endogenous, produc- 
tion (MEYER) lxix 


Formation site, animal organ- | 


ism (OrtTEN and 
101 
Clostridium butylicum: Growth 
factor (WooLLEY and Mc- 
DANIEL) exiii 
Cobalt: Hemoglobin production, 


milk diet, réle (Frost and | 
ELVEHJEM) XXXi 


Collagen: Amino acids, deter- 
mination (BERGMANN and 


STEIN) 217 | 


Copper: Catalysis inhibitors, res- 
piration and photosynthesis, 
Chlorella pyrenoidosa, effect 
(Green, McCarruy, and 
Kine) 447 

Hemoglobin production, milk 
diet, rdle (Frost and ELve- 
HJEM) XXxxi 

-Protein oxidases, properties 
(McCartuy, GREEN, and 


Kine) 455 
Tissue oxidation, effect 
(ScHULTZE) Ixxxviii 
Cortin: -Like compounds, ac- 
tivity (KENDALL) li 


Creatine: Creatinine and, re- 
lation (BEarp, Koven, and 
P1zzoLaTo) vii 


Creatine—continued: 

-Creatinine metabolism, hor- 
mones, relation’ (Koven and 
BEearp) lvi 

— —, progestin and antuitrin- 
T effect (Koven and Bgearp) 

lvi 
Muscle, cardiac and voluntary 
(Manoun and Myers) 

| Ixiii 
Tissues, creatinine and, distri- 
bution and interrelationship 
(MILLER, Baker, and 
ALLINSON) Ixx 

—, determination, enzymatic 
(MILLER, BAKER, and 
ALLINSON) Ixx 
Creatinine: Creatine and, rela- 
tion (Bearp, Koven, and 

P1zzoLaTo) vii 

Creatine-, metabolism, hor- 
mones, relation (KoveN and 
BEarp) lvi 
progestin and antuitrin- 
T effect (Koven and Brearp) 

lvi 

Test (Suttivan and Irre- 
VERRE) ci 
Tissues, creatine and, distribu- 
tion and _ interrelationship 
(Mitter, Baker, and 
ALLINSON) Ixx 

—, determination, enzymatic 
(MitterR, Baker, and 
ALLINSON) Ixx 
Crop sac: Response, prolactin, 
sex difference (Bates and 


RIDDLE) 
Cystamine: and Dart) 
Ixxxix 


Cysteine: S-Benzylhomo-, de- 
toxication, animal body 
(STEKOL) 199 
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Cysteine—continued: 
Decomposition (Rout) 
Ixxxv 
Homo-, taurocholic acid pro- 
duction, effect (Virtur and 


Doster-VIRTUE) 665 
Oxidation and 
LAN) civ 


Taurocholic acid production, 
effect (Virtug and DosteEr- 


VIRTUE) 665 
Cystine: Diglycyl-l-, synthesis 
(GREENSTEIN) 241 
N , N’-Dimethyl-, optical 
isomers, utilization (Kres, 
Dyer, Woop, and pv Vi- 
GNEAUD) 207 
Oxidation and CaL- 
LAN) civ 
Proteins, deaminized (Hess 
and SULLIVAN) 93 


Cystine anhydrides: Acid sensi- 
tivity (Hess and 
xliii 

Cystine peptides: Acid sensi- 
tivity (Hess and 
xliii 

Cystinuria: Diuresis effect (AN- 
DREWs and ANDREWS) iii 
Sulfanilamide metabolism 
(KassELL, PEARLSTEIN, 
Branp, and p. 1 
Cytochrome: Succinic dehydro- 


genase-, system, effect 
(Horecker, Srtorz, and 
Hoaness) 251 
D 

Deer: Virginia white-tailed, tis- 
sue lipids, composition 
(TREADWELL and 
STEIN) 373 


Index 


Dehydrogenase: Succinic, -cyto- 
chrome system, effect (Ho- 
RECKER, Storz, and 
NESS) 251 

Delphinine: (Jacozss and Crara) 
‘ 431 

Oxo- (Jacopsand Craig) 431 

Desoxycorticosterone acetate: 
Blood plasma volume and 
electrolytes, Addison’s dis- 
ease, effect (THorN and 
Howarp) cii 

Diabetes: Liver urea formation 
and carbohydrate synthesis, 
insulin action Lux- 
ENs, and Zapp) xeViii 

Maltose utilization (KoEHLER, 
Winpsor, and liv 
Phlorhizin, pituitary, anterior, 
growth preparation, metabo- 
lism effect (GAEBLER and 
ZIMMERMAN) XXxii 

Diet: Blood serum proteins, re- 
generated, effect (MuRRILL 
and NewsurGsH) Ixxiv 

Calcium, hypervitaminoses D2 
and Ds, effect (MoraGan, 

Henpricks, and Sxrmorort) 
Ixxii 

—, lead poisoning, influence 
(Sope., Yuska, PeTrovsky, 
and KRAMER) xevi 
Carbohydrate-high, fat synthe- 
sis, fasting (LONGENECKER) 
645 

Carbohydrate, uric acid excre- 
tion, effect (ADLERSBERG 
and ELLENBERG) 379 
Fat, uric acid excretion, effect 
(ADLERSBERG and ELLEN- 
BERG) 379 
Methionine-free, homocystine 
plus choline, growth effect 
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Diet—continued: | Dimethylcystine— continued: 
(pu VIGNEAUD, CHANDLER, | Dyer, Woop, and pv Vi- 
Moyer, and Kepre.) GNEAUD) 207 


eviii 
Phosphorus, hypervitaminoses 


Dz and Ds, effect (MorGaAN, | 


Henpricks, and Suimorori) 
Ixxii 
—, lead poisoning, influence 
(Sope., Yuska, PeTrovsky, 
and KraMER) xevi 
Phosphorus-low, urinary cal- 
culi, relation (ScHNEIDER 
and STEENBOCK) Ixxxvii 
—, vitamin Dz, effect (ScHNEI- 
DER and STEENBOCK) 159 
Protein, growth, liver fat and, 
relation (GriFFITH) XXXVi 
—, hemoglobin formation, rela- 
tion (OrTEN and OrTEN) 


Ixxvii 
Protein-high, fat synthesis, 
fasting (LONGENECKER) 

645 
Thiamine requirement 
(ARNOLD) iv 


Tumor effect (BauMANN, Ja- 
cost, and Ruscz) vi 

Vitamin D, lead poisoning, in- 
fluence (Sope., Yusxka, 
TROVSKY, and KRAMER) 


xevi 
Diglycyl-i-cystine: Synthesis 
(GREENSTEIN) 241 


Dihydrolysergic acid: Dimethyl- 
indole from (Jacoss and 
Crai@) 715 

Dihydroxyphenylalanine: Me- 
tabolism, vitamin C relation 
(SeaLtock, Zreeier, and 
Driver) lxxxix 

Dimethylcystine: N ,N’-, optical 
isomers, utilization (Krzs, 


| Dimethylindole: Dihydrolysergic 


acid derivative (Jacoss and 
CralG) 715 
_ Dipeptides: Racemization, acetyl- 
ation with ketene (CAHILL) 

xii 

Dysentery: Organism, nicotinic 
acid determination, use 
(DorRFMAN, Horwitt, 
Koser, and SAUNDERS) xx 


Earths: Rare, succinic dehydro- 
genase-cytochrome system, 
effect (Horeckxer, Srorz, 
and HoGngss) 251 

Edestin: Solutions, sulfhydryl 
groups (GREENSTEIN) 233 

Egg: White, proteins, ultra- 
centrifugal and electropho- 
retic analysis (YOUNG) cxiv 

Egg albumin: Denaturation, 
ultraviolet radiant energy, 
effect (BERNHART) 289 

Molecular splitting, ultraviolet 
radiant energy, effect (BERN- 
HART) 289 

Electrolytes: Blood plasma, 
Addison’s disease, desoxy- 
corticosterone acetate effect 
(THorn and Howarp)  cii 

Kidney and 
BIBLER) xxiv 
Muscle and blood, exchange, 
adrenal insufficiency (MuNt- 
WYLER, Mavutz, MaANncun, 
and MELLORs) Ixxiv 

Endocrine factors: Tumors, effect 
(Biscnorr, Lone, and 
Rupp) viii 
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Enteritis: Digestion and absorp- 
tion (Topp, 
DITTEBRANDT, and West) 

Enzyme(s): Activity, surface ten- 
sion, relation (MARRON and 
MORELAND) lxiv 

Oxidation, amino acids, sulfur- 
containing (MEDEs) Ixvii 
Tissue creatine, determination 


(Miter, Baker, and 
ALLINSON) lxx 
— creatinine, determination 
(MILLER, BAKER, and 
ALLINSON) Ixx 


See also Dehydrogenase, Es- 
terase, Oxidase, Phosphatase 
Ergot: Alkaloids (Jacosps and 


Cralia) 715 
Eskimo: Basal metabolism (Lz- 
VINE) lix 


Esterase: Cholesterol, brain and 

liver (SpeRRyY and Branp) 
xevii 
Choline, blood serum, purifica- 
tion (McMEEKIN) Ixvi 
—, schizophrenia, insulin effect 
(RANDALL) Ixxxii 

—, specificity 

XXXiV 
Estrogenic substances: Conju- 
gated, urine, pregnancy, hy- 
drolysis (HgARD and Epson) 


xli 
Eukeratins: Amino acids 
(Biock) 181 


Excelsin: Solutions, sulfhydryl 
groups (GREENSTEIN) 233 


Exercise: See also Muscle, Work 
Extracellular fluids: Measure- 
ment, bromide use (Broprez, 
Lesuin, and Branp) 


| 


| 
| 


Index 


F 


Factor W: Vitamin B complex, 
relation (Frost and ELve- 
HJEM) 23 

Fasting: Fat synthesis, high car- 
bohydrate-high protein diets 
(LONGENECKER) 645 

Fat(s): Absorption, study tech- 


nique (Deve., HALLMAN, 
and Quon) xix 
Body, iron effect (ScHLUTz and 
OLDHAM) Ixxxvi 


—, synthesis, thiamine effect 
(McHenry and Gavin) 


45 

—, vitamin B and choline 
effect (McHenry _ and 
GavIN) Ixvi 
—, — B, effect (ScHLUTz and 
OLDHAM) Ixxxvi 
Dietary, uric acid excretion, 
effect (ADLERSBERG and 
ELLENBERG) 379 


Excretion, children (WILLIAMs, 
SHEPHERD, and ENnpicoTT) 
exi 
Liver, dietary protein, and 
growth, relation (GrirriTH) 
XXXvi 
—, vitamin B and choline ef- 
fect (McHenry and Gavin) 
Ixvi 
Metabolism, liver injury, ef- 
fect (WINTER) 283 
—, vitamin B, relation (Mc- 
Henry and Gavin) 45 
Synthesis, high carbohydrate- 
high protein diets, fasting 
(LONGENECKER) 645 
Utilization, melting point in- 
fluence (Paut and McCay) 
xxvii 


Subjecis 


Fatty acids: Alkyl derivatives, 
glycogen formation, relation 
(Cortey and Lyons) xvii 

Amino derivatives, 
formation, relation (CoRLEY 


and Lyons) xvii 
Deposition and _ utilization 
(LONGENECKER) 645 


Metabolism (Carrer, OsMAN, 
Levine, and Gamo) xiii 


Tissue, carbon tetrachloride 
administration, effect 
(WINTER) 283 


glycogen 


Feces: Lipid distribution, chil- 


dren (WILLIAMS, SHEPHERD, 


exi 


and EnpIcoTtT) 
Fetus: Blood iron (Mason) Ixiv | 
Filtrate factor: (JuKEs) 35 


Fish liver oils: Vitamin A, cy- 
clized (EMBREE) 187 

— —, nature (HickMan) 
xliii 
Flavin: Ribo-, vitamin A utiliza- 
tion, relation (KimBLe and 


Gorpbon) lii 
Flaxseed: Mucilage, aldobionic 
acid structure (Trpson, 
CurisTMAN, and LEvVENE) 
609 


G 


Gastric : See Stomach 
Gelatin: Amino acids, determina- 
tion (BERGMANN and STern) 


217 
Globin: Solutions, sulfhydryl 
groups (GREENSTEIN) 233 


Globulin(s): Blood serum, deter- 
mination, colorimetric 
(Looney) lx 
—, partition (REINEKE, 
Peterson, and TURNER) 


1 
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Globulin(s)—continued: 

Lacto-, dielectric properties 
(Ferry, Coun, and 
BLANCHARD) XXViii 

Glucose: Blood maltose deter- 
mination, effect (KoBHLER, 
Marsa, and lili 

Kidney threshold, pregnancy 

(Gipson, FINDLAYSON, and 


PavL) XXXiii 
Protein conversion, pancrea- 
tectomy and phiorhizin 
effect (Gray, Ivy, and 
CUTHBERT) 173 


Tissue maltose determination, 
effect Marsu, 
and Hitt) liii 

Urine maltose determination, 
effect (KorHLER, Manrsu, 
and Hi.) liii 

Glyceraldehyde: Acetone- (Barr 
and FiscHEer) 

463, 475, 491 

Glycerides: d(+)-Acetone glyc- 

erol, optically active, syn- 

thesis (Barer and Fiscuer) 

475 

Glycerol: d(+)-Acetone, glyc- 

erides, optically active, syn- 

thesis (Barr and Fiscuer) 


475 
—, preparation (Baer and 
FIscHER) 463 


Glycerophosphoric acid: /( —)-a-, 
biological, synthesis 
and FiscHer) 491 

Glycine: Ammonium carbonate 
synthesis, carbonate effect 
(Dunn, BuTLER, and 
FRIEDEN) xxii 


— hydroxide synthesis, car- 
bonate effect (Dunn, Burt- 
LER, and FRIEDEN) ii 


xxl 
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Glycine— continued: 


Chloroacetic acid synthesis, | 


carbonate effect (DuNN, 
and FrRIepEN) xxii 
Glycogen: Formation, fatty 
acids, amino and alkyl de- 
rivatives, relation (CoRLEY 
and Lyons) xvii 
Liver, potassium and phos- 
phate relation (FENN) 297 
Glycolic acid: Thio-, taurocholic 
acid production, effect (Vir- 
TUE and Doster-VIRTUE) 
665 
Goiter: Low iodine-induced, vita- 
min A and carotene effect 
(Harris and Remineron) 
xl 
Gonadotropic activity: Augmen- 
tation (Evans, CErITHAML, 
Hines, and Kocn) XXxvi 
Gonadotropic hormone: Carbo- 
hydrate, urine, pregnancy 
(Gurin, BacuMaN, and WIL- 
SON) XXXVii 
Urine, male, assay (HELLER, 
Heuer, and SEvRINGHAUS) 
xli 
—, pregnancy (Gurin, Bacu- 
MAN, and WILsoN) 525 
—, —, preparation (GuRIN, 
BacHMAN, and WILson) 
525 
Grass juice factor: (KouLeEr, 
RANDLE, and WAGNER) iv 
Growth: Benzpyrene _ effect 
(Waite and Waite) cx 
Factor, Clostridium butylicum 
(Woottey and 


exiii 
—, lactic acid bacteria, proper- | 


ties (SNELL and PreTEerRson) 
xciv 


Index 


Growth—continued: 

Homocystine choline, 
methionine-free diet, effect 
(pu VIGNEAUD, CHANDLER, 

Moyer, and KepPe.) 
eviii 
Methylcholanthrene effect 
(Wuirte and Wuirte) ex 
Preparation, pituitary, ante- 
rior, phlorhizin diabetes, me- 
tabolism effect (GAEBLER 
and ZIMMERMAN) XXXii 
Protein, dietary, liver fat and, 
relation (GRIFFITH) Xxxvi 
Substance, liver, new (EAKIN 
and XXxiii 
Guanylic acid: Fate (SuLLIVAN 
and CERECEDO) 


H 


Hair: Amino acids (BLock) 181 
Heart: Output, roentgenkymog- 
raphy (Keys and 


DELL) li 

See also Muscle 
Hemoglobin: Blood, diurnal 
variations (McCartnuy and 
VAN SLYKE) 567 


Formation, dietary protein, re- 
lation (OrTEN and ORTEN) 
Ixxvii 
-Methemoglobin oxidation- 
reduction potentials, urea 
effect (TayLor) cil 
Production, milk diet, iron, 
copper, and cobalt rdle 
(Frost and 
XXxi 


Synthesis, pyrrole-containing 


pigments, relation (KoHLER, 
E.veuJem, and Hart) 
See also Methemoglobin 


501 
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Hemolysin: 8-Streptococcus hemo- | Infant: 


lyticus, properties (SMYTHE 


and Harris) xciv 
Hepatectomy: Liver lipids, effect 
(LupEwIe) 


Herpes: Blood cholesterol, vita- 
min B, and sulfanilamide 
effect (MEMBER and 
BRUGER) Ixix 

Hippuric acid: Synthesis, biologi- 
cal, in vitro (Borsoox and 


DuBNorrF) cxiv 
Histidine: Aspartyl- (GrEEN- 
STEIN and KLEMPERER) 

245 


Homocysteine: Taurocholic acid 
production, effect (VirtuE 
and Doster-VirtvE) 665 

Homocystine: Choline and, meth- 


ionine-free diet, growth 
effect (pu VIGNEAUD, 
CHANDLER, Moyer, and 
KEPPEL) eviii 


Horn: Amino acids (BLock) 181 
Hydrogen ion concentration: De- 
termination, colorimetric 
(Evetyn and Ma.uoy) 
XXVii 
Hydrogen peroxide: Bacterial 
cultures, determination 
and 417 
Hypervitaminosis: D: and Ds, 
dietary calcium and phos- 


phorus, effect (MorGan, 
Henpricks, and SuHrmotori) 
Ixxii 

Hypovitaminosis: A (Perr) 
Ixxviii 

I 

Indole: Dimethyl-, dihydroly- 
sergic acid derivative 


(Jacoss and Crare) 715 


Blood, prothrombin 
(Quick) lxxx 
Magnesium balance (SHUKERs, 
Knorr, and Scuivutz) xcii 
Insulin: Ammonolyzed, reactions 
(RoBERTs) 597 
Attenuation, adsorption, inter- 
facial (JoHLin) xviii 
Blood serum choline esterase, 
schizophrenia, effect (Ran- 
DALL) Ixxxii 
— — lipids, schizophrenia, 
effect (RANDALL) Ixxxii 
Liver carbohydrate synthesis, 
normal and diabetic, action 
(Stapiz, LuKENs, and Zarp) 
xeviii 
— urea formation, normal and 
diabetic, action (Srapre, 
LuKENs, and Zapp) xeviii 
Intestine: Small, digestion and 
absorption, enteritis (Topp, 
MontTaGvuE, DITTEBRANDT, 
and West) ciii 
See also Enteritis 
Iodide: Blood thyroid hormone, 
basal metabolism, relation 
(McCLenpon and Rice) 
Ixv 
Iodine: Blood thyroid hormone, 
basal metabolism, relation 
(McCienvon and Rice) 
Ixv 
Low, goiter, vitamin A and 
carotene effect (HARRIs and 
REMINGTON) xl 
Ions: Dipolar, lactoglobulin in- 
teraction (Ferry, Coun, 
Onciey, and BLANCHARD) 
XXViii 
Lactoglobulin interaction 
(Ferry, Coun, Onciey, and 
BLANCHARD) xxviii 
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Iron: Blood, fetus (Mason) Ixiv 
Body fat, effect (ScuLUTz and 
OLDHAM) Ixxxvi 
Hemoglobin production, milk 
diet, réle (Frost and 
HJEM) XXxi 
Iron retention, effect (ScHLUTz 


and OLDHAM) Ixxxvi 
Tissue oxidation, effect 
(ScHULTzE) Ixxxviii 
Isotopes: Amino acid metab- 


olism, indicators (ScHoEN- 
HEIMER, RatNeER, and Rir- 


TENBERG) Ixxxviii 
Radioactive, mineral metab- 
olism indicator (Josepn, 
Coun, and GREENBERG) 

673 
(Coun and GREENBERG) 
xvi 


—, organic material, deter- 
mination (CHARGAFF) 
579, xiii 
Unstable (CHARGAFF) 
579, 587 
—, lecithin and cephalin forma- 
tion rate, indicator (CHaAR- 
GAFF) 587 


Keratins: Amino acids (BLock) 
181 

Eu-, amino acids (BLock) 
181 
Ketene: Amino acid racemiza- 
tion, acetylation with (Ca- 


HILL) xii 
Dipeptide racemization, acetyl- 
ation with (CAHILL) xii 


Kidney: Amino acid oxidation, 
thyroid feeding and thy- 
roidectomy effect (KLEIN) 

659 


Index 


Kidney— continued: 

Electrolytes (EICHELBERGER 
and Xxiv 
Impairment, muscle water, in- 

fluence (EICHELBERGER) 
137 
Oxidations, nephritis (Lyman 
and Barron) 
Proteins (Ferry, Ferry, and 
CONNOLLY) XXxix 
Threshold, glucose, pregnancy 
(Gipson, FInpDLAYsON, and 


XXXiii 
Water (EICHELBERGER and 
BIBLER) 


See also Nephrectomy, Ne- 


phritis 
L 


Lactation: Organ and tissue pro- 
tein, metabolism (Poo, Lew, 


and Appts) 69 
Lactic acid: Bacteria, growth 
factor, properties (SNELL 


and PEeTEerRson) xciv 

Blood physicochemical system 
(JoHNson and WILson) 

xl viii 

Lactoglobulin: Dielectric proper- 

ties (Ferry, Coun, ONCLEY, 

and BLANCHARD) XXViii 

Lactose: Utilization, calcium 

salts, comparison (Mir- 

CHELL, Cook, and O’Brien) 

Ixxi 

Lead: Poisoning, dietary phos- 

phorus, calcium, and vita- 

min D, influence (Soset, 

Yuska, Perrrovsky, and 


KRAMER) xevi 
Lecithin(s): Formation rate, 
body (CHARGAFF) xiv 


Subjects 


Lecithin(s)—continued: 

Formation rate, body, unstable 
isotopes as indicator (CHaAR- 
GAFF) 587 
Turnover (SincLarr) 
Light: Scattering, red blood cell 
absorption spectra, effect 

(DraBkKIN and SINGER) 
xxi 
Lipids: Blood serum, schizo- 
phrenia, insulin effect (Ran- 


DALL) lxxxii 
Deer, Virginia white-tailed, 
composition (TREADWELL 
and EcKsTEIN) 373 
Feces, distribution, children 
SHEPHERD, and 
ENpDIcoTT) exi 
Liver, hepatectomy _ effect 
(LupEwIG) lxii 


—, pancreatic duct ligation, 
effect (MontGomery, EN- 
TENMAN, and CHAIKOFF) 

387 

Liver: Amino acid oxidation, 

thyroid feeding and thy- 
roidectomy effect (KLEIN) 

659 

Biotic acid, growth substance 
(Eakin and WIL.IAMs) 

XXxiii 

Carbohydrate synthesis, nor- 
mal and diabetic, insulin 
action (Stapre, LuKENs, and 
Zarp) xeVili 

Cell tumors, vitamin A relation 
(GoERNER and GOERNER) 


559 
Cholesterol esterase (SPERRY 
and Branp) xevii 


Fat, choline effect (McHEeNrYy 
and Gavin) Ixvi 
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Liver— continued: 

Fat, dietary protein, and 
growth, relation (GrirriTH) 
XXXVi 
—, vitamin B effect (Mc- 
Henry and Gavin) Ixvi 
Fatty, phospholipids 

Hester, and Bo 


153 

—, thiamine effect (ENGEL and 
PHILLIPS) XXV 
Glycogen, potassium, and 
phosphate, relation (FENN) 
297 


Growth substance, new (EAKIN 
and WILLIAMs) xxiii 
Injury, fat metabolism, effect 


(WINTER) 283 
Lipids, hepatectomy effect 
(LupEwiG) Ixii 


—, pancreatic duct ligation, 
effect (Montcomery, En- 
TENMAN, and CHAIKOFF) 

387 

Oxidations, manganese and 
other metals, action (Bern- 
HEIM and BERNHEIM) 79 

Phosphate, glycogen, and po- 
tassium, relation (FENN) 

297 

Phospholipid metabolism, cho- 
lesterol influence, radioactive 
phosphorus as _ indicator 
(PERLMAN and CHAIKOFF) 

735 

Potassium, phosphate, and 

glycogen, relation (Fenn) 
297 

Urea formation, normal and 
diabetic, insulin action 
(Stapige, Lukens, and Zapp) 

xeviii 

See also Hepatectomy 
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Lymphoma: Mammary, phos- 
pholipid metabolism, radio- 


active phosphorus as indi- 


CHAIKOFF, 
631 


eator (JONEs, 
and LAWRENCE) 
Lymphosarcoma: Mammary, 
phospholipid metabolism, 
radioactive phosphorus as 
indicator (Jones, CHAIKOFF, 
and LAWRENCE) 631 
Lysergic acid: Dihydro-, di- 
methylindole from (Jacoss 
and Crate) 715 


Magnesium: Balance, 
(SHuxers, Kwnort, 
ScHLvUTz) 

Ionized, milk (NorpBé6) 

745 

Magnesium salts: Body distribu- 
tion, intravenous injection 
effect (WINKLER, Situ, and 
ScHWARTZz) exii 

Maltose: Blood, determination, 
glucose presence (KOEHLER, 
Marsu, and liii 

Tissue, determination, glucose 
presence (KOEHLER, Mars, 
and liii 

Urine, determination, glucose 
presence (KOEHLER, Marsa, 
and HI.) liii 

Utilization, diabetes (Korn- 
LER, WINpDsor, and HILL) 

liv 

Manganese: Liver oxidations, 
action (BERNHEIM and 
BERNHEIM) 79 

Manometer: Oil, Van Slyke-Neill 
gas apparatus (HANKE) 


infants 
and 


Index 


| Melanin: Pigment precursors, 
| metabolism, vitamin C rela- 
tion (SEALocK, ZIEGLER, and 
Driver) Ixxxix 
Membranes: Roentgen ray dif- 
fraction (SprEGEL-ADOLF 
and Henny) xevii 
Mental disease: Blood serum 
proteins (KONDRITZER) lv 
Mercapturic acid: Synthesis, ani- 
mals (STEKOL) 199, ¢ 
Metabolism: Adrenalin effect 
(Ditt, Jounson, and 
Xxx 
Amides, plants, green (Vick- 
ERY and PucHErR) 703 
Amino acid, isotopes as indi- 
cators (ScHOENHEIMER, 
and RITTENBERG) 
Ixxxviii 
Ammonia (RITTENBERG, KzEs- 
TON, and GrRaFF) Ixxxiii 
Benzedrine effect Joun- 
son, and Xx 
Creatine-creatinine, hormones, 
relation (KovEeN and Brearp) 
lvi 
—, progestin and antuitrin-T 
effect (Koven and Brarp) 
lvi 
Diabetes, phlorhizin, pituitary, 
anterior, growth prepara- 
tion, effect (GarBLER and 
ZIMMERMAN) xxxil 
Dihydroxyphenylalanine, vita- 
min C relation (SEALOcK, 
ZieGLER, and Driver) 


Ixxxix 
Fat, liver injury, effect 
(WINTER) 283 


—, vitamin B relation (Mc- 
Henry and Gavin) 


45 


Subjects 


Metabolism— continued: 
Fatty acids (Carter, OsMAN, | 
Levine, and Gamo) xiii 
Intermediary, benzyl chloride | 
(STEKOL) 
Melanin pigment precursors, | 
vitamin C relation (Sea- 
Lock, ZIEGLER, and Driver) 
Ixxxix 
Mineral, radioactive isotopes 
in study (Joseru, Coun, and 


GREENBERG) 673 
(Coun and GREENBERG) 
xvi 


Organ protein, pregnancy and 
lactation (Poo, Lew, and 
AppIs) 69 

Phospholipid, neoplastic  tis- 
sues, radioactive phosphorus 
as indicator (Jones, CHal- 
Korr, and LAWRENCE) 631 

—, radioactive phosphorus as 
indicator (Jones, CHAIKOFF, 
and LAWRENCE) 631 
(PertMaN and CHAIKoFF) 

735 

Phosphorus, rickets, vitamin 
D effect, radioactive isotopes 
as indicator (CoHN and 
GREENBERG) xvi 

Potassium, radioactive isotopes 
as indicator (Joseru, Coun, 
and GREENBERG) 673 

Protein (RITTENBERG, SCHOEN- 
HEIMER, and Keston) 603 

Sterol (TREADWELL and Ecx- 


STEIN) cv 
Sulfanilamide, cystinuria 
(KaAssELL, PEARLSTEIN, 


Branp, and p. 
Tissue protein, pregnancy and 
lactation (Poo, Lew, and 


Appis) 69 
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Metabolism— continued: 
Tyrosine, vitamin C relation 
(SzeaLock, and 
Driver) Ixxxix 
Metals: Liver oxidations, action 
(BeRNHEIM and BeERNHEIM) 


79 
Methemoglobin: Hemoglobin-, 
oxidation-reduction poten- 


tials, urea effect (Tay.Lor) 

cil 

Methionine: and 

399 

-Free diet, homocystine plus 

choline, growth effect (pu 

VIGNEAUD, CHANDLER, 

Moyer, and Kepret) 

Oxidation (TorNNigs and 

CALLAN) civ 

Methionine sulfoxide: -  dl- 

(Togenniges and 399 

Methylcholanthrene: Growth 

effect (WuiTe and Wuire) 

cx 

Milk: Calcium, ionized (NorpBé) 

745 

Magnesium, ionized (NorpBé) 

745 

Mineral: Metabolism, radioac- 

tive isotopes in study 

(Joseru, Coun, and GreEen- 

BERG) 673 
(Coun and GREENBERG) 

xvi 

Morphine: Addicts, blood con- 

centration (WILLIAMS) 

Mosaic: Tobacco, virus nucleic 

acid, diffusion constant and 

molecular weight (Lorine) 

Ixi 

— — protein, amino acids 

(Ross and STan.ey) 
lxxxiv 


(ToENNIES 
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Mosaic—continued: 

Virus protein, latent, ultra- 
centrifugal analysis (Wyc- 
KOFF) 729 

Mucilage: Flaxseed, aldobionic 
acid structure (Tipson, 
CHRISTMAN, and LEVENE) 


609 

Mucopolysaccharide: Synovial 

fluid, isolation (Meyer, 
Smytu, and Dawson) 

319, lxx 

Muscle: Cardiac, creatine, phos- 

phorus, and _ potassium 

(ManGun and Myers) 

Dystrophy, nutritional, muscle 


phosphorus (GoretTTscu, 
Lonstein, and Hutcuin- 
SON) 


Electrolytes, blood and, ex- 
change, adrenal insufficiency 
(MUNTWYLER, MavtTz, 
Maneun, and MELLors) 

Ixxiv 

Phosphorus, muscle dystrophy, 
nutritional (GorrtTscH, 
LonsTein, and 
SON) 9 

Salts (Lowry) lxii 

Voluntary, creatine, phos- 
phorus, and potassium 
(MaANGUN and Myers) 

Ixiii 

Water (Lowry) Ixii 

—, blood and, exchange, adre- 
nal insufficiency (Munrt- 
WYLER, Mavutz, MANGUN, 
and MELLORs) Ixxiv 

—, renal impairment influence 
(EICHELBERGER) 137 

Working, carbohydrate (FLock 
and XXX 

See also Exercise, Work 


Index 


N 
Neoplasm: Phospholipid metab- 
olism, radioactive phos- 


phorus as indicator (JoNngEs, 
Cuarkorr, and LAWRENCE) 

631 

Nephrectomy: Calciferol effect 
(Tweepy, TEMPLETON, Pa- 
Tras, McJunkin, and Mc- 


NAMARA) 407 
Nephritis: Kidney oxidations 
(Lyman and Barron) 


Nicotinic acid: Determination, 
dysentery organism use in 
(DorFMAN, Horwirtt, 
Koser, and SAUNDERS) Xxx 

Nucleic acid: Tobacco mosaic 
virus, diffusion constant and 
molecular weight (Lorine) 

Ixi 

Yeast, diffusion constant and 
molecular weight (Lorine) 
lxi 


oO 


Odocoileus virginianus borealis: 
See Deer 
Oils: See also Fish liver oils, 
Olive oil, Tissue oil 
Olive oil: Blood serum _ phos- 
phorus, ingestion effect 
(Retser and Hangs) 
Ixxxii 
Urine phosphorus, ingestion 
effect (Reiser and Hangs) 


Ixxxii 

Organic material: Isotopes, 
radioactive, determination 
(CHARGAFF) 579, xiii 
Organs: Protein metabolism, 
pregnancy and lactation 


(Poo, Lew, and Appts) 69 


Subjects 813 
Oxidase(s) : Copper-protein, | Phenylalanine: Determination, 
properties (McCartay, reactions in (Biock and 
GREEN, and Kin@) 455 Viii 
Xanthine, purification and Phlorhizin: Diabetes, pituitary, 
properties (BALL) 51 anterior, growth prepara- 
Oxidation: Catalysts, _ tissue, tion, effect (GarsLer and 
copper and iron effect ZIMMERMAN) XXxii 
(ScHULTZE) Ixxxviii Protein conversion to glucose, 
Thermostable, tumor tissue effect (Gray, Ivy, and 
(FEINSTEIN and STARE) CUTHBERT) 173 
xxvill | Phosphatase: Bone, adenosine- 
Oxodelphinine: (Jacops and triphosphate hydrolysis 
CRAIG) 431 | (Hircutnes and FuLLEeR) 
Oxonitine: Chemical constitu- xlv 
tion (Jacosps, ELDERFIELD, —, temperature effect (Bopan- 
and Craic) 439 SKY) x 


Oxygen: Blood, influence (Coun, 
TANNENBAUM, THALHIMER, 
and HastTINGs) 109 


P 


Pancreas: Duct ligation, liver 
lipids, effect (MonTGoMERY, 
ENTENMAN, and CHAIKOFF) 

387 

Pancreatectomy: Protein conver- 
sion to glucose, effect (Gray, 
Ivy, and CuTHBERT) 

173 

Parathyroid: Thyroid interrela- 
tion (BAUMANN and Sprin- 


SON) vi 
Parathyroidectomy: Thyro-, cal- 
ciferol effect (Twerepy, 


TeMPLETON, Patras, Mc- 
Junxin, and McNamara) 


407 

Peptides: Di-, racemization, 
acetylation with ketene | 
(CAHILL) xii 
Multivalent (GrEENSTEIN) | 
241 


Venom, adenosinetriphosphate 
hydrolysis (Hitcuines and 
FULLER) xlv 

Phosphate: Liver, glycogen rela- 
tion (FENN) 297 
Work capacity, effect (Morse) 
Ixxiii 


Phospholipid: Fatty livers 
Hester, and Bout- 
MAN) 153 


Metabolism, liver, cholesterol 
influence, radioactive phos- 
phorus as indicator (Pert- 
MAN and CHAIKOFF) 

735 

—, neoplastic tissues, radio- 
active phosphorus as indi- 
cator (Jones, CHarkorr, and 
LAWRENCE) 631 

—, radioactive phosphorus as 
indicator (Jones, CHAIKOFF, 
and LAWRENCE) 631 
(Pertman and CHAIKorr) 

735 

Phosphorus: Blood serum, olive 
oil ingestion, effect (Reiser 
and Hangs) Ixxxii 
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Phosphorus— continued: 

Dietary, hypervitaminoses D» 
and D;, effect (Moraan, 
HENDRICKS, and SHIMoTOR!I) 

Ixxii 

—, lead poisoning, influence 
(Sope., Yuska, Perrovsky, 
and KRAMER) xevi 

-Low diet, urinary calculi, rela- 
tion (ScHNEIDER and 
STEENBOCK) Ixxxvii 

— vitamin De effect 
(ScHNEIDER and  STEEN- 
BOCK) 159 

Metabolism, rickets, vitamin 
D effect, radioactive isotopes 
as indicator (CoHN and 
GREENBERG) xvi 

Muscle, cardiac and voluntary 
(Manoun and Myers) 

Ixiii 

—, muscle dystrophy, nutri- 
tional (GorTtscn, Lon- 
STEIN, and HuTcHINson) 9 

Radioactive, phospholipid me- 
tabolism indicator (JoNnEs, 
Cuarkorr, and LAWRENCE) 

631 
(PERLMAN and CHAIKOFF) 
735 

—, — —, neoplastic tissues, 
indicator (Jones, CHAIKOFF, 
and LAWRENCE) 631 

Urine, olive oil ingestion, effect 
(Retser and Hangs) 

Ixxxii 

Vitamin D determination, ef- 

fect (O’Brien and Mor- 


GAREIDGE) Ixxv 
Photosynthesis: Chlorella pyre- 

noidosa, inhibition (GREEN, 

McCartuy, and Ktna) 


447 


Index 


Pigment(s): Blood, abnormal, 
sulfanilamide relation 
(WENDEL and WENDEL) 

cix 

Melanin, precursors, metab- 
olism, vitamin C relation 
(SeaLtockx, and 
DRIvER) Ixxxix 
Pyrrole-containing, hemo- 
globin synthesis, relation 
ELvensem, and 
Hart) 501 

Pituitary: Anterior, growth prep- 
aration, metabolism, phlor- 
hizin diabetes, effect (Gars- 
LER and ZIMMERMAN) 


XXxii 
—, hyperfunction (HARNEpD 
and CoLe) XXXix 
—, sperm whale, hormone 


(ToLksporF and JENSEN) 
cv 
—. See also Antuitrin 
Follicle-stimulating hormone, 
chemistry (FEVoLD) 83 
Luteinizing hormone, chemis- 
try (FEvoLp) 83 
Plant: Green, amide metabolism 
(Vickery and PucHER) 
703 
—, — synthesis, mechanism 
(Vickeryand Pucner) 703 
Pneumococcus: Cinchona series, 
chemical constitution, rela- 
tion (CRETCHER) xviii 
Infection, 2-sulfanilamidopyri- 
dine effect 


Ixxxvi 
Type XIV, polysaccharide, 
capsular, blood specific 


substance, relation (GOEBEL, 
Beeson, and HoaGLanp) 
XXxxiv 


Subjects 
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Pneumonia: Blood, oxygen and | Pregnancy—continued: 


carbon dioxide effect (Coun, 


TANNENBAUM, THALHIMER, | 


and HasTINGs) 109 
Sulfapyridine and related com- 
pounds, effect (Rarziss, 
Severac, Moerscn, and 
CLEMENCE) Ixxxi 


Polycythemia: Blood cell, red, 


stroma, composition (Horr- 


MAN and Beacn) xlv 
Progestin: 


Polysaccharide: Mucopoly-, syn- 
ovial fluid, 
(Meyer, Smytu, and Daw- 
SON) 319, lxx 

Pneumococeus Type XIV, 
blood specific substances, re- 
lation (GorBEL, BEESON, 
and HoaGLanp) XXXiV 


Potassium: Distribution, intra- | 


vascular injection, effect 
(WILDE) 309 
Liver, glycogen 


Metabolism, radioactive iso- 
topes as indicator (JosEpn, 
Coun, and GREENBERG) 

673 

Muscle, cardiac and voluntary 

(Manoun and Myers) 
Ixiii 
Pregnancy: Glucose’ kidney 
threshold (Grisson, 

LAYSON, and xxxiii 

Organ and _ tissue _ protein, 
metabolism (Poo, Lew, 


and Appts) 69 | 
Urine estrogenic substances, | 
hydrolysis | 


conjugated, 


isolation | 


relation | 
(Fenn) 297 


FInpD- | 


(Hearp and Epson) xli 


-— gonadotropic 
(Guerin, BacuMan, and 
WILson) 525 


hormone | 


Urine gonadotropic hormone 
carbohydrate Bacu- 
MAN, and WILsoNn) XXXVii 

— —, preparation (GuURIN, 
BacuMaN, and WILson) 

525 

Pregnanediol glucuronidate: 
Sodium, adreno-genital syn- 
drome, excretion (VENNING, 
WeiL, and Browne) evii 
Creatine-creatinine 
metabolism, relation (Ko- 
VEN and Bearp) lvi 
Prolactin: Crop sac response, sex 


difference (BaTEs and 
RIDDLE) Vv 
Properties (WHITE and 
BONSNES) cix 


Protein(s): Bean, soy, storage 
effect (Jones and Gers- 


DORFF) xlix 
Blood serum, mental disease 
(KONDRITZER) lv 


— —, regenerated, diet effect 
and NewspurGn) 
Ixxiv 

Copper-, oxidases, properties 


(McCartuy, GREEN, and 
KING) 455 
Deaminized cystine (Hess 
and SULLIVAN) 93 


Dietary, growth, liver fat and, 
relation (GRIFFITH) XXXVi 

—, hemoglobin formation, re- 
lation (OrTEN and OrTEN) 


Ixxvii 

Egg white, ultracentrifugal and 
electrophoretic analysis 
(Youne) Cxiv 


Glucose, conversion, pancrea- 
tectomy and _ phiorhizin 
effect (Gray, Ivy, and 
CUTHBERT) 173 
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Protein(s)—continued: 
-High diets, fat synthesis, fast- 
ing (LONGENECKER) 645 
Kidney (Ferry, Ferry, and 
CONNOLLY) XXix 
Metabolism (RITTENBERG, 
ScHOENHEIMER, and KeEs- 
TON) 603 
Mosaic virus, latent, ultra- 
centrifugal analysis (Wyc- 


KOFF) 729 
Organs, metabolism, preg- 
nancy and lactation (Poo, 
Lew, and Appts) 69 
Sulfhydryl groups (GREEN- 
STEIN) 233, XxXxv 
Tissues, metabolism, preg- 


nancy and lactation (Poo, 

Lew, and Appts) 69 

Tobacco mosaic virus, amino 
acids (Ross and STANLEY) 

Ixxxiv 

Tuberculin, preservation (Set- 

BERT and DuFovr) xe 


Wheat, storage effect (JoNEs | 


and GERSDORFF) xlix 
Wool, properties (STEINHARDT 


and Harris) xcix 
Prothrombin: Blood, infant 
(Quick) Ixxx 


Pyrrole: -Containing pigments, 


hemoglobin synthesis, rela- | 


ELVEHJEM, 
501 


tion (KoHLER, 
and Hart) 


Q 
Quinine: Blood, determination 
(Kyker and ANDREWs) 


lviii | 
R 
Renal: See Kidney 
Renin: Purification (HELMER 
and Page) xlii 


Index 


Respiration: Chlorella pyrenoidosa, 
inhibition (GreEN, McCar- 

THy, and Ktne) 447 
Rhubarb: Leaf, excised, carbon 
loss during culture (VICKERY 

and PucHEr) 685 

| Riboflavin: Vitamin A utiliza- 
tion, relation (KimBLe and 
Gorpon) lii 

See also Vitamin Be 

_ Rickets: Phosphorus metabolism, 
vitamin D effect, radioactive 
isotopes as indicator (CoHN 

and GREENBERG) xvi 
Roentgen ray: Diffraction mem- 
branes and 
Henny) xevil 


s 


Salts: Muscle (Lowry) lxii 
Sarcoma: Lympho-, mammary, 
phospholipid metabolism, 
radioactive phosphorus as 
indicator (JoNEs, CHAIKOFF, 

and LAWRENCE) 631 
Mammary, phospholipid me- 
tabolism, radioactive phos- 
phorus as indicator 


Cuarkorr, and LAWRENCE) 
631 
180, mammary, phospholipid 


metabolism, radioactive phos- 
phorus as indicator (JoNEs, 


Cuarkorr, and LAWRENCE) 
631 
Schizophrenia: Blood serum 
choline esterase, insulin 
effect (RANDALL) Ixxxii 
— lipids, insulin effect 
(RANDALL) Ixxxii 


_ Sex: Crop sac response to pro- 
lactin, effect (Bates and 
RIDDLE) v 


Subjects 


Skin: Cholesterol, ultraviolet 
irradiation effect (KNUDSON, 
SrurGes,and Bryan) 721 

Sodium pregnanediol glucuroni- 


date: Adreno-genital syn- 
drome, excretion (VENNING, 
Welt, and Browne) evii 
Sorbitol: d-, fate (Carr and 
ForMAN) 425 | 
Sorbose: /-, fate (Carr and 
ForMAN) 425 | 
Soy bean: See Bean 
Spermidine: Tissue oxidation, 
effect (Evans) XXV 
Spermine: Tissue oxidation, 
effect (Evans) XXV 


Starch: Cereal, stomach empty- | 


ing rate, effect (FROESCHLE 
and PIEeRcE) XXxi 
Statistics: Biochemical variables, 
normal men (JELLINEK and 
Looney) 621 
Sterol(s): Chemical activation 
(Eck and Tuomas) 


— — and configuration, rela- 
tion (Eck and Tuomas) 


257 

Color reactions, chemical 
activation (Eck and | 
THoMas) 267 
Metabolism (TREADWELL and 
EcKSTEIN) ev 
Stomach: Analysis, dilution 


indicator technique, errors — 


(HoLLANDER and BanpgEs) 


xlvii | 
Emptying rate, cereal starch | 


effect 
Prerce) 
Streptococcus 
hemolysin, 
(Smytue and Harris) 


(FROESCHLE 
Xxxi 


xciv 


257, 267 


and | 


hemolyticus: 
properties 


817 


Strontium: Biochemistry (AN- 
perscH and Fay) iii 
 Styracitol: Fate (Carr and 
ForMAN) 425 
Succinic dehydrogenase: -Cyto- 
chrome system, aluminum, 
chromium, and rare earths, 
effect (Horecker, Srorz, 
and HoGngss) 251 
Sucrose: Clearance (Power, 
GoupsmiT, and Kerra) 
Ixxix 
Sugar: Alcohols and 
ForMAN) 425 
| Sulfanilamide: Blood cholesterol, 


(CARR 


herpes, effect (MemBer and 
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The Biochemistry of Strontium.* By Marie ANDERSCH AND 
Marion Fay. From the Laboratory of Physiological Chem- 
istry, Woman’s Medical College of Pennsylvania, Philadelphia 
Adult dogs on the Cowgill diet? were fed (1) single doses and 

(2) repeated doses of strontium lactate. The total calcium and 
strontium and the filtrable calcium and strontium of the blood 
serum were determined according to the method of Sobel and 
his associates.[ Analyses of the urine and feces were also made. 
A single dose of 25 mg. of strontium per kilo of body weight was 
excreted and stored so rapidly that often no strontium was 
detectable in the serum at the end of 24 hours. Repeated doses 
of the same size also disappeared from the serum in the same 
length of time. The level of calcium in the serum seems to 
bear no relationship to the amount of strontium; the former may 
remain at a normal level or may be reduced in the presence of 
strontium. The filtrable strontium is always low and often 
entirely absent, even when the total strontium is fairly high. 
Serum phosphate seems to be unaffected by the presence of 
strontium. Great irregularity in the excretion of calcium and 
strontium even on a constant intake has been observed. Bone 
analyses showed extensive storage of strontium. After para- 
thyroidectomy this stored strontium is released into the blood, 
preventing the onset of tetany. Thus in one animal no symp- 
toms of tetany were apparent 14 months after all medication 
had ceased, even though calcium values in the serum were well 
below tetany levels. Severe tetany had followed the operation 
and careful pathological examination revealed no parathyroid 
regeneration. 


Studies on Cystinuria; the Effect of Diuresis on the Excretion 
of Cystine by the Cystinuric. By James C. ANDREWS AND 
KATHLEEN CRANDALL ANDREWS. From the Department of 


* Aided by a grant from the Committee on Scientific Research, American 
Medical Association. 
t Cowgill, G. R., J. Biol. Chem., 66, 725 (1923). 
¢ Sobel, A. E., Pearl, A., Gerchick, E., and Kramer, B., J. Biol. Chem., 
118, 47 (1937). 
iii 


iv Scientific Proceedings. XXXIII 


Physiological Chemistry, School of Medicine, University of 

Pennsylvania, Philadelphia, and the Department of Biological 

Chemistry, School of Medicine, University of North Carolina, 

Chapel Hill 

The effect of the administration of large quantities of water 
on the excretion of cystine by a cystinuric subject has been 
studied under conditions of rigid dietary control. This study 
was made in conjunction with experiments on the administration 
of methionine to this subject and was undertaken to determine 
the importance of careful control of daily urine volume in such 
experiments. 

In each of two such experiments, with a rigidly controlled 
diet, the 24 hour urine volume was brought to nearly 4000 ml. 
by copious water drinking. In one case, with a urine volume of 
3700 ml., the output of cystine was increased by about 40 per 
cent over the basic level obtained with urine volumes averaging 
about 900 ml. In the other experiment, with a urine volume 
of nearly 4000 ml., the increase in cystine output amounted to 
over 50 per cent. 

Administration of 5 gm. of methionine on each of two successive 
days, under the same conditions of dietary control as in the 
diuresis experiment but with a normal volume of urine, raised 
the cystine output about 30 per cent over the basic level. 

The daily urine volume of the subject is obviously a matter of 
prime importance in the interpretation of such experiments. 


Influence of the Composition of the Diet on the Thiamine Re- 
quirement of Dogs. By Aaron ArNoLD. From the Depart- 
ment of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison 
Studies with rats and chicks from this laboratory have demon- 

strated that the thiamine requirements for normal growth are 

satisfied by the addition of approximately 80 microgram per cent 
of thiamine chloride to the basal ration. An extension of these 
studies to the nutrition of dogs has demonstrated that growth 
and protection from polyneuritis result when the ration is supple- 
mented with approximately 75 microgram per cent of thiamine 
chloride. The addition of 50 microgram per cent of thiamine 
chloride to the ration does not prevent the onset of the anorexia 
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associated with a thiamine deficiency. The ration used in the 
studies with the dogs had the following composition: sucrose 72, 
purified casein 18, autoclaved yeast 4, steamed bone meal 2, 
Salts I* 2, cottonseed oil 1, cod liver oil 1, and a sulfited liver 
extract supplement. 

The daily requirement was markedly reduced by the isocaloric 
substitution of autoclaved lard for the sucrose in the above 
ration. When the ration contained approximately 57 per cent 
fat, supplied by the autoclaved lard, cod liver oil, and cottonseed 
oil, 27 microgram per cent of the thiamine chloride in the ration 
supported growth. 

These results indicate that the thiamine requirement is best 
expressed on the basis of the non-fat constituents of the diet. 


The Question of a Sex Difference in Crop Sac Response to 
Prolactin. By Ropert W. Bates AND Oscar Rippie. From 
the Carnegie Institution of Washington, Station for Experi- 
mental Evolution, Cold Spring Harbor 
Folley and White reported that subcutaneously injected 

prolactin produced heavier crop sacs in male than in female 
pigeons, but with simultaneous estrogenic hormone treatment 
crop sac weight responses were reduced and the sex difference 
nearly eliminated. Upon repeating their experiments, we found 
that equal amounts of prolactin regularly produced heavier crop 
sacs in male Carneau pigeons than in females, with or without 
estrogenic hormone treatment. 

Seven groups of Carneau pigeons (ten to fifteen in each group) 
were injected subcutaneously with prolactin daily during 4 days. 
Three of these groups received no other treatment, three groups 
received dihydroestrone, and one group was fasted during the 
4 days of treatment. At autopsy the crop sacs were weighed and 
the weights converted into equivalent prolactin units. The 
individual group quotients ((units from male glands) /(units from 
female glands)) were found to be 1.6, 6.0, 4.0, 2.4, 3.0, 2.4, and 
2.4; average quotient for forty-eight males and thirty-two females 
3.1. Birds injected intramuscularly (thirty-nine males and 
thirty-four females) had an average quotient of only 1.4. This 


* Phillips, P. H., and Hart, E. B., J. Biol. Chem., 109, 657 (1935). 
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quite inexplicable sex difference is seen to be greater after sub- 
cutaneous than after intramuscular injection. The sex difference 
observed with intramuscular injection, specified in our method 
of assay, is scarcely significant. 

Simultaneous treatment with dihydroestrone (a single injection 
of 10 mg.) reduced the crop sac response to prolactin to the 
level found in hypophysectomized pigeons, or, in terms of units, 
to about one-eighth that of normal pigeons. 


The Effect of Diet on Tumors Produced in Various Ways. 
By C. A. Baumann, H. P. Jacopr, anp H. P. Ruscu. 
From the Departments of Biochemistry and Physiology, Uni- 
versity of Wisconsin, Madison 
Five diets were fed to mice receiving various treatments known 

to result in tumor formation. The diets were the Steenbock 

stock ration, a high fat diet, a high liver diet, a high cholesterol 
diet, and a diet containing a brain concentrate. The diets were 
also fed to tumor-bearing animals. 

Tumors induced by ultraviolet light, or by painting with 
benzpyrene, showed the greatest sensitivity to diet, tumors 
induced by the injection of carcinogenic agents showed slight 
sensitivity, whereas preformed tumors, either primary or inocu- 
lated, were unaffected. The high fat diet markedly accelerated 
the production of epitheliomas by ultraviolet or benzpyrene 
painting, but fat did not accelerate the production of sarcomas. 
The brain concentrate showed a slight tendency to retard tumor 
production with most of the carcinogenic procedures tried. 


Interrelation of the Thyroid and Parathyroid Glands. By Emi 
J. BAUMANN AND Davip B. Sprinson. From the Laboratory 
Division, Montefiore Hospital, New York 
Since the controversy over the possible anatomical relationship 

of the thyroid and parathyroid glands has been settled, these 

organs have been regarded as quite distinct anatomically and 
physiologically. Yet during the last decade the thyroid has been 
found to exert an important influence on calcium and phosphorus 
metabolism, though it is entirely different from that exercised 
by the parathyroids. In this report we shall present evidence 
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that thyroid deficiency in rabbits brings about an increase in 
the amount of circulating parathyroid hormone, as shown by the 
Hamilton and Schwartz test, equivalent to that produced by 
injection of 10 to 30 Hansen units of parathyroid extract per kilo. 
Thyroidectomized male rabbits give a stronger response to the 
Hamilton test than do females. Injection of testosterone in 
male rabbits also brings about a greater response to this test. 
An interrelation of the thyroid and parathyroid glands, in which 
the testes may also take part, is thus indicated. 


The Biological Relation of Creatine and Creatinine. By Howarp 
H. Bearp, A. Link Koven, anv Pizzo.tato. From 
the Department of Biochemistry, School of Medicine, Louisiana 
State University, New Orleans 
Evidence has already been presented to show that creatinine 

injection in young rats increases the content of muscle creatine 

and greatly stimulates the excretion of creatine and creatinine 
in the urine. The injection of creatine caused a retention instead 
of an increased excretion of creatinine. Similar results were 
obtained on four normal subjects. The chromogenic material 

(total creatinine) in all these urines was completely destroyed 

by the specific creatinine enzyme of Miller and Dubos; there is 

therefore no doubt that there was an increased excretion of 
creatine in these cases. For this reason it may be assumed that 
creatinine is hydrolyzed to creatine in the body. 

Further evidence is presented showing the following results: 
injection of 2 to 10 cc. of saline, extra creatine excretion 32 to 
56 mg., average 41 mg.; injection of 1 cc. of saline with 20 to 
200 mg. of creatinine, extra creatine excretion 29 to 70 mg., 
average 43 mg.; injection of 2 to 10 cc. of saline with 20 to 200 
mg. of creatinine, extra creatine excretion 67 to 101 mg., average 
85 mg. The injection of saline and creatinine therefore gives 
the same average excretion of creatine as the sum of each in- 
jected alone. No decreases in muscle creatine occurred. In- 
gestion of 2000 cc. of water containing 10 and 20 gm. of NaCl, 
in addition to the usual water intake, during a 2 day period by 
two subjects resulted in an excretion of 4.4 and 9.6 gm. of creatine, 
respectively, in the urine. 
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Endocrine Factors Influencing Tumor Development. By Fritz 
Biscnorr, M. Louisa LonG, ano J. Jerome Rupp. From 
the Chemical Laboratory, Santa Barbara Cottage Hospital, 
Santa Barbara 
Our strain of virgin Marsh-Buffalo mice develops a high in- 

cidence (80 per cent) of mammary gland adenocarcinoma which 

is endocrine-linked, depending upon the presence of the ovaries. 

Groups of thirty to 50 of these mice received the following hor- 

mones subcutaneously; the dosage was begun before the attain- 

ment of sexual maturity: prolan per mouse, 60 rat units per 
month, 4 day period, 135 rat units per month, 4 day period, 

300 rat units per month, 10 day period; theelin per mouse, 

400 Doisy units per month, semiweekly, 800 Doisy units per 

month, semiweekly, 800 Doisy units alternate months, semiweekly; 

gonadin per mouse, 50 to 100 rat units per month, 10 day period. 

Equal numbers of litter mates served as controls. 

Contrary to the current concept that theelin increases car- 
cinogenesis in susceptible mice, neither the theelin nor the prolan, 
which obviously stimulates theelin-like production endogenously, 
increased the incidence of mammary tumor formation. Gonadin 
significantly delayed the onset of carcinogenesis, without pro- 
ducing functional castration and actually stimulated acinous 
development in the mammary gland. Prolan likewise produced 
acinous development (previously reported) but did not delay 
or enhance carcinogenesis or produce functional castration. 
Male mice given theelin did not develop breast tumors. It is 
concluded that the Marsh-Buffalo adenocarcinoma of the breast 
is linked to the ovary by some other secretion than theelin. 
Gonadin changes the ovarian secretion to produce substances 
which stimulate normal acinous development without producing 


carcinogenesis. 


Chemical Reactions Involved in the Determination of Phenylal- 
anine. By Ricuarp J. Brock anp Drana Bowne. From 
the Department of Chemistry, New York State Psychiatric 
Institute and Hospital, New York 
When phenylalanine is warmed with concentrated sulfuric 

acid containing 20 per cent by weight of potassium nitrate and 

the resulting nitration products are treated with hydroxylamine 
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in alkaline solution, a blue-violet color is formed which is pro- 
portional to the amount of phenylalanine. 

In an effort to elucidate the mechanism of this reaction, 3 ,4- 
dinitrotoluene, 2,3-dinitrotoluene, 2,5-dinitrotoluene, 2,6- 
dinitrophenol, 3-nitro-4-nitrosotoluene, 2-nitroso-3-nitrotoluene, 
2 ,4-dinitrobenzoic, 3 ,5-dinitrobenzoic, o-, m-, and p-nitrobenzoic, 
phenylacetic, hydrocinnamic, cinnamic, mandelic, and phenyl- 
pyruvic acids, and nineteen other compounds were investigated. 
The results indicate that the chromogen appears to be primarily a 
derivative of diaci-3 ,4-dinitrodihydrobenzene with the possibility 
of a small amount of diaci-2,3-dinitrodihydrobenzene. The 
reaction may take the following course. 


R! 
\ 
yA 
NO, g 
_NH,OH 
o, NH.OH :NOONH, 
NO; -NOONH, 


R = CH,CHNH;COOH; R! may be R, CH,;CH(NH-NO,)COOH. 


Under the conditions observed, phenylalanine gives approx- 
imately 25 per cent of the color produced by an equimolar amount 
of 3, 4-dinitrotoluene. 


The Determination of Adrenalin in Blood. By W. R. Buoor. 
From the Department of Biochemistry and Pharmacology, School 
of Medicine and Dentistry, The University of Rochester, Roch- 
ester, New York 
The chemical methods for adrenalin which approach closely 

the requirements for its determination in blood are those of 

Whitehorn (1935) and its modification by Shaw* (1938). Shaw 

substitutes a double adsorption by Al(OH)s, first at pH 4 then 

at pH 8.5 for Whitehorn’s single adsorption on silica which 
does not extract the adrenalin completely. In the present method, 


* Whitehorn, J. C., J. Biol. Chem., 108, 633 (1935). Shaw, F. H., Bio- 
chem. J., 32, 19 (1938). 
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Shaw’s differential adsorption is found excellent and retained. 
The arsenomolybdate reagent was found much more sensitive 
(and less stable) without the addition of bromine water and is 
so used, but its use requires occasional redrawing of the calibration 
curve. In the determination, the second Al(OH); precipitate 
carrying the adrenalin is dissolved in the arsenomolybdate re- 
agent and digested for about 5 minutes in boiling water, after 
which 3 ce. of the sulfite-sulfuric mixture is added and the heating 
continued for 10 minutes. The predigestion with the reagent 
results in the production of more color and renders the whole 
reaction more certain. The increase of heating time to 10 minutes 
followed a study of the development of the color, which reaches 
its maximum after not less than 8 minutes heating. A photo- 
electric colorimeter is used for the measurement of the color. 
In adrenalin solutions, the color from 0.01 microgram can be 
measured to about 1 per cent (0.0001 microgram). Determina- 
tions on blood can be repeated within 5 per cent. The level 
found for human blood is about 0.05 microgram per cc. 


Effect of Temperature on Activity of Bone Phosphatase. By 
Oscar Bopansky. From the Children’s Medical Service, 
Bellevue Hospital, and the Department of Pediatrics, New York 
University College of Medicine, New York 
The effect of temperature on the activity of bone phosphatase 

has been studied at optimal pH (9.0 to 9.2) and under optimal 
conditions of magnesium concentration (0.01 m) and of a-amino 
acid concentration (0.00625 m glycine). Inactivation of the 
enzyme during a 25 minute incubation period under these con- 
ditions occurred at temperatures above 42-43°. The velocities 
of the hydrolysis of 0.0127 m sodium §-glycerophosphate were 
determined at nine temperatures ranging from 12-42.4° in the 
ease of cat bone phosphatase, and at five temperatures ranging 
from 20-40° in the case of human bone phosphatase. The 
observed velocities conformed with the linear relationship de- 
manded by the Arrhenius equation. The values for EF, the 
energy of activation, were 9870 + 160 calories for the observa- 
tions on cat bone phosphatase and 10,140 + 270 calories for 
those on human bone phosphatase and did not, therefore, differ 
significantly from each other. 


For the xostract by Henry Borsook and Jacob Dubnoff see p. cxiv. 
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On the Structure of Thyroglobulin. By Brann, Beatrice 
KassELL, AND MicHaeL From the Depart- 
ments of Biological Chemistry and of Medicine, College of 
Physicians and Surgeons, Columbia University, New York 
The molecular weight of thyroglobulin was recently deter- 

mined by Heidelberger and Pedersen* in part on a dialyzed 

sample (iodine content 0.58 per cent), isolated from Swedish 
hog thyroids according to Heidelberger and Palmer.t The 
analysis of a denatured part of this same sample by methods 
developed in this Department gave the following results (in 
per cent of protein): total protein sulfur 1.45, sulfate sulfur 

0.50, cystine 4.30, cysteine 0, methionine 1.31, tryptophane 1.88, 

tyrosine 3.00, diiodotyrosine 0.67, thyroxine 0.28, and glucos- 

amine{ 2.2 per cent. 

With a value of 665,000 for the molecular weight of thyro- 
globulin (Heidelberger and Pedersen’s determinations yielded an 
average of 675,000) and in the light of Bergmann’s theory, the 
above results indicate that the thyroglobulin molecule contains 
5760 amino acid residues, of which 120 are cystine (240 if con- 
sidered as cysteine residues), 60 methionine, 60 tryptophane, 
110 tyrosine, 10 diiodotyrosine, and 2 thyroxine. There are also 
present 80 glucosamine residues (in addition to other carbo- 
hydrate). It appears possible that, aside from the special thy- 
roxine grouping, the molecule of this protein hormone is composed 
of ten units of 576 amino acids each, the individual units being 
otherwise similar in amino acid composition. 


The Use of Bromide As a Measure of Extracellular Fluids. By 
Bernarp B. Bropre, 8. Branp. From 
the Pharmacological Laboratory, College of Medicine, New York 
University, New York 
The volume of the extracellular fluids can be measured by 

estimating the serum concentration of administered substances 

which are diffusible, unaltered by the body, and which, like 
chloride, do not enter body cells. Thiocyanate is commonly 


* Heidelberger, M., and Pedersen, K. O., J. Gen. Physiol., 19, 95 (1935). 

t Heidelberger, M., and Palmer, W. W., J. Biol. Chem., 101, 433 (1933). 

t For this determination, carried out on another sample of thyroglobulin, 
we are indebted to Dr. H. E. Stokinger. 
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used for this purpose, but the use of this substance suffers from the 
following disadvantages: (a) the inaccuracy of the urine analyses, 
(b) anomalous distribution between serum and transudates. 

Previous work in this laboratory has shown the similarity of 
distribution of chloride and bromide. Bromide is distributed 
quickly throughout the body and the excretion on the administra- 
tion of small doses is slow. This insures uniform diffusion 
throughout all extracellular fluids. The determination can be 
made by a previously reported method, relatively simple, and 
accurate (within 1 per cent) on 1 ml. of serum or urine containing 
0.1 mg. of bromide. Sufficient bromide remains in the body 
for 48 hours or more, so that if repeated determinations are 
necessary no more of the substance need be administered. _ 

30 to 50 mg. of bromide per kilo are administered by stomach 
as the sodium or potassium salt. This produces no ill effects. 
In 3 hours or more, blood and urine samples are taken. In the 
3 hour period the excretion of bromide is less than 1 per cent, 
and can therefore be neglected. 

Bromide distributes between serum and transudates according 
to the predictions of the Gibbs-Donnan equilibrium. Therefore 
the following best represents the volume of extracellular fluid: 
((amount of bromide administered minus amount excreted) + 
(concentration in serum water)) xX 0.95. 


Racemization of Amino Acids and Dipeptides on Acetylation 
with Ketene. By M. From the Department 
of Physiological Chemistry, Wayne University College of Medi- 
cine, Detroit 
In the course of an investigation of the synthesis of abrine 

Cahill and Jackson* had occasion to employ ketene as an acety- 

lating agent. It was observed that under certain conditions a 

racemic acetylated derivative was obtained and a study of this 

racemization was subsequently made.t The present investigation 
was undertaken to extend the study to other representative 
amino acids and to dipeptides. 1(—)-Leucine and 1(+)-glutamic 
acid can be conveniently acetylated with ketene to give either 


* Cahill, W. M., and Jackson, R. W., J. Biol. Chem., 126, 29 (1938). 
t Jackson, R. W., and Cahill, W. M., J. Biol. Chem., 126, 37 (1938). 
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the optically active or racemic N-acetyl derivative, depending 
upon the conditions employed. When /(+)-isoleucine is acety- 
lated under racemizing conditions, the derivative secured is only 
partially racemized, owing apparently to the fact that the stereo- 
chemical uniformity of only one of the 2 asymmetric carbon atoms 
is destroyed by this procedure. 

Both glycyl-l(—)-leucine and 1(—)-leucylglycine can be readily 
acetylated with ketene to give the corresponding active acetyl 
derivatives. When acetylated under racemizing conditions, 
however, glycyl-l(—)-leucine yields an inactive N-acetyl product, 
whereas under the same conditions /(—)-leucylglycine yields the 
optically active acetyl derivative. 


Metabolism of Fatty Acids. By Herpert E. Carrer, ra 
OsMAN, Harotp Levine, AND Stanrorp From the 
Laboratory of Biochemistry, University of Illinois, Urbana 
A study has been made of the metabolism of a series of w- 

phenyl-6-alkyl fatty acids of the following types. 


CH; 
CHs 
z=0,1,2 y = 1, 2,3,4,5 


The sodium salts of these acids were administered orally to dogs 
over a period of 3 to 5 days and the products were isolated from 
the urine by the usual methods. None of the acids fed yielded 
an appreciable amount of benzoic acid or phenylacetic acid. The 
compounds in (II) were excreted in the urine partly as the free 
acid and partly as the glycine conjugation product. The sub- 
stances in (I) yielded varying amounts of unsaturated acid. 
Both the original acid and the unsaturated acid appeared in the 
urine in the free state and also conjugated with glycine. 

The mechanism of oxidation of normal fatty acids and the 
metabolism of 8-substituted fatty acids will be discussed in the 
light of these results. 


The Determination of Radioactive Isotopes in Organic Material. 
By Erwin Cuarcarr. From the Department of Biological 
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Chemistry, College of Physicians and Surgeons, Columbia 

University, New York 

In the course of experiments on the enzymatic and metabolic 
formation of radioactive phosphatides and on the synthesis of 
radioactive organic substances containing the unstable isotope 
P®, it was found desirable to determine the radioactivity of the 
compounds themselves rather than of their ignition residues. 
This can be effected in one of two ways: (1) The substances, 
dissolved in water or a suitable organic solvent, are contained 
in the hollow jacket of a double walled, thin glass cylinder, holding 
about 10 ec. of liquid, which is slipped over the counter tube of a 
Geiger-Miiller counter. (2) The substances, in the dry state, 
are spread in a thin layer (thickness, approximately 0.5 mm.) 
on a small aluminum tray which can be arranged underneath the 
counter tube in one of three constant distances, thereby permitting 
the measurement of more or less active preparations, as the case 
may be. The second arrangement is preferable in the case of 
substances with low radioactivity. As standard a 50 per cent 
solution of potassium fluoride in water was chosen. The radio- 
activity of the preparations is expressed in KF units, which are 
defined as the amount of potassium fluoride in mg. which under 
comparable conditions shows the same degree of radioactivity 
as 1 mg. of the substance measured. 


The Relative Speed of Formation of Lecithin and Cephalin in 
the Body. By Erwin Cuarcarr. From the Department of 
Biological Chemistry, College of Physicians and Surgeons, 
Columbia University, New York 
The biological function of the phosphatides in the body is still 

controversial. It has not yet been established whether the 

synthesis of the two principal groups of phosphatides, viz. the 
lecithins and the cephalins, in the animal organism follows the 

same course. When secondary sodium phosphate containing a 

small amount of the unstable isotope P® is fed to adult rats and 

the radioactivities of the total lecithin and cephalin fractions 
are measured, it is found that the amounts of newly formed 
lecithin and cephalin are practically the same. 19 hours after 
the ingestion of Na,H*PO, the lecithin had 15.6, the cephalin 
17.6 KF units (see the preceding abstract) per mg. of lipid P; 
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43 hours after feeding, the corresponding values were 23.7 units 
for the lecithin and 25.4 units for the cephalin. The study of 
the relative speed of formation of lecithin and cephalin in various 
organs, however, gives a different picture. 24 hours after the 
ingestion of Na,H*PO, containing a higher proportion of the 
unstable isotope than in the experiment quoted above the KF 
units per mg. of lipid P were found as follows: intestinal tract, 
lecithin 61.6, cephalin 35.4; liver, lecithin 81.3, cephalin 68.0; 
brain, lecithin 19.7, cephalin 23.2; carcass, lecithin 21.7, cephalin 
22.1. The differences observed in the phosphatides from the 
intestinal tract and probably also in the liver phosphatides are 
significant. They may tend to show that the synthesis in the 
animal organism of lecithin and cephalin, at least in certain organs, 
does not follow the same course. 


The Ionization of Barbituric Acids and Anesthetic Bases in 
Relation to Their Anesthetic Action. By G. H. A. CLowszs, 
A. K. Keitrcn, anp M. E. Kran. From the Lilly Research 
Laboratories, Indianapolis 
The concentrations of each of ten barbituric acids and each 

of fifteen local anesthetic bases required to produce anesthesia of 
Arbacia eggs and Arbacia larve were determined at three pH 
levels in carbonate-free sea water buffered with glycylglycine. 
From these data and the apparent dissociation constants deter- 
mined for this purpose, the respective extracellular and intra- 
cellular concentrations of undissociated molecules corresponding 
to the total anesthetic concentrations were calculated. For each 
anesthetic, the extracellular concentration of undissociated 
molecules required to produce a given physiological effect was 
found to be the same at each of the three extracellular pH levels 
used. From these results it is tentatively concluded that all of 
the anesthetics here described penetrate Arbacia eggs and Arbacia 
larve only as undissociated molecules. 

The concentrations of 5-isoamyl-5-ethylbarbituric acid and 
y-(2-methylpiperidino)-propyl benzoate required to produce 
anesthesia in Arbacia eggs were also determined in the presence 
and absence of a partial pressure of carbon dioxide sufficient to 
effect an appreciable downward shift in the intracellular pH. 

The extracellular concentration of the undissociated barbituric 
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acid molecules required to produce a given effect was found to 
be the same, with and without this amount of carbon dioxide, 
indicating that, within the cells, the undissociated molecule is 
the active form of the barbiturie acid. 

The extracellular concentration of the undissociated local 
anesthetic molecules required to produce a given effect was 
diminished in the presence of the additional carbon dioxide, 
indicating that, within the cells, the cation is the active form of 
the local anesthetic base. 


Studies in Mineral Metabolism with the Aid of Artificial Radio- 
active Isotopes. III. The Influence of Vitamin D on the 
Phosphorus Metabolism of Rachitic Rats. By Waupo E. 
Coun AND Davip M. Greenserc. From the Division of 
Biochemistry, University of California Medical School, Berkeley 
With the aid of radiophosphorus (P®), a study has been 

carried out on the influence of vitamin D on the phosphorus 

metabolism of rachitic rats. The following important effects 
were found to have been exerted by the administration of vitamin 

D to rachitic rats. The net absorption of phosphate, adminis- 

tered by stomach tube, from the gut was increased only about 

10 to 15 per cent. The most striking result of the vitamin D 

administration was found in the phosphorus fractions of the 

bone. The alcohol-ether-soluble phosphorus (lipoid P) of fresh 
bone was not altered. The labeled phosphorus content in the 
inorganic form was raised about 40 per cent in both fat-free bone 
and bone ash. The P®:P* ratio in the organic phosphorus 
fraction (protein and ester P) of the bone was increased and was 
always higher than in muscle. It became nearly equal to the 
ratio of P®:P* in urine, which indicates that the organic phos- 
phorus of the bone is rapidly formed from the blood phosphorus. 

The influence of vitamin D on the deposition of inorganic 

phosphorus in the bone of rachitic rats must be ascribed to a 

more direct effect than one merely resulting from an increasing 


* We gratefully acknowledge our indebtedness to Professor E. O. Law- 
rence and the staff of the Radiation Laboratory of the University of Cali- 
fornia for supplying us with the radiophosphorus. 
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absorption. A specific effect of vitamin D on organic bone 
phosphorus and a specific réle of this fraction in bone formation 
are indicated. 


The van den Bergh Reaction. By THomas B. Cootipcr. From 
the Department of Biochemistry, Duke University School of 
Medicine, Durham, North Carolina 
The “directness” of the van den Bergh reaction is not a function 

of the plasma cholic acid level as determined by analysis, or of 

any substance in the plasma in labile equilibrium with the bili- 
rubin, as determined by the fact that mixtures of plasmas with 
different characteristics give rates of reaction which are the 
sums of the rates of reaction of the unmixed plasmas. Both 
directly and indirectly reacting bilirubin are attached to the 
albumin and the relative amounts are little altered by cataphoresis. 

The function of the alcohol in the quantitative reaction is a 
purely catalytic one, as, after removal of the alcohol, the type 
of reaction is that which was originally present. 

The bilirubin reacting immediately in aqueous solution is 
extractable by organic solvents. 


Formation of Glycogen from Amino and Alkyl Derivatives of the 
Fatty Acids. By Ratepn C. Cortey anp Mary Lyons. 
From the Laboratory of Biochemistry, Department of Chemistry, 
Purdue University, Lafayette 
There is in progress an extensive study of the influence of 

substituent groups on the catabolism of various derivatives of the 

fatty acids. The present report concerns observations on the 
formation of liver glycogen in the white rat following the oral 
administration of aminated and alkylated fatty acids. Results 
with the a-amino derivatives of the fatty acids with straight 
chains and with 4, 5, 6, and 8 carbon atoms are in accord with 

the usual view that oxidative deamination with the loss of 1 

carbon atom constitutes one stage in the degradation of a-amino 

acids. No simple explanation appears for the observation that 

B-aminobutyric acid is apparently a sugar former under the 

experimental conditions employed. 
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Structure and Antipneumococcic Activity in the Cinchona Series. 
By Leonarp H. Crercuer. From the Department of Research 
in Pure Chemistry, Mellon Institute, Pittsburgh 
Highly effective drugs of the cinchona series have been known, 

specifically active against the pneumococcus in high dilutions 

but impractical clinically because of toxicity. One especially 
unfortunate property has been that of producing blindness. 

But few generalizations can be made as to the relation of structure, 

bactericidal power, and toxicity. The rest of the molecule 

remaining unaltered, reduction of the vinyl group enhances 
activity, though shift of the double bond from vinyl to ethylidine 
produces the most powerful compounds found to date. 

Specificity toward the pneumococcus has been thought to 
reside in the ethyl ethers. Further research, however, has 
demonstrated marked activity in ethers with longer and more 
complex side chains. 

Active ethers of the simple cupreine or apoquinine structure 


in value if the bridge is changed to or to 
i or CH:. The ethers of hydrocupreicine and hydrocuprei- 
cinol are also of little value. 

Such fragmentary work as has been done would indicate that 
interference with the simple C and H nature of the side chain in 
the quinuclidine nucleus, whether by addition, oxidation, or 
otherwise, is not effective. 

Variations in bactericidal power have been noted among 
stereoisomers. All effective compounds tested were considered 
too toxic until derivatives were made in which hydroxyl was 
introduced into the ether groupings. This has lowered toxicity 
and eliminated eye injury without destroying the desired effect. 

Thus far the phenolic quinoline and quinuclidine rings bound 
together by a secondary alcohol group seem to be a necessary 
basis for specific pneumococcicidial action, compounds of quino- 
line not having proved satisfactory, as in malaria. 


The Incidence of Acrodynia among Rats Receiving Diets De- 
ficient in Vitamin B, By W. J. Dann. From the Depart- 
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ment of Physiology and Pharmacology, Duke University Medical 

School, Durham, North Carolina 

Goldberger and Lillie reported in 1926 the occurrence of a 
characteristic symmetrical dermatitis (since named acrodynia) 
among rats given diets deficient in vitamin B,. Other workers 
were unable to reproduce this symptom at all regularly, but when 
vitamin B,; was shown by Gyérgy and his coworkers to comprise 
two factors, flavin and vitamin Beg, it appeared that acrodynia 
was a symptom of deficiency of vitamin Bs alone. Gydérgy re- 
ported in 1935 that rats kept on a vitamin Be-deficient diet de- 
veloped acrodynia “almost without exception.” This has not 
been the experience of the author, working in this laboratory. In 
the earliest experiments, begun in 1935, a majority of rats main- 
tained on vitamin B,-deficient diets developed acrodynia, but a 
considerable proportion failed to do so. In later experiments an 
increasing proportion of the rats has failed to develop this char- 
acteristic symptom. 

Certain changes in the fat content of the diet or in the purity 
of the casein used were reported by other workers to render the 
appearance of acrodynia almost certain in a relatively short time, 
but had no effect in this laboratory. Similarly, control of en- 
vironmental temperature and humidity failed to increase the 
incidence of acrodynia. In the author’s experience the production 
of acrodynia among rats maintained on diets deficient in vitamin 
B. has not been susceptible to control. It is suggested that a 
refection, phenomenon may be the disturbing agency. 


A Simple Procedure of the Study of Fat Absorption. By Harry 
J. Dever, Jr., Lois F. Hatuman, anp 8. Quon. From the 
Department of Biochemistry, University of Southern California, 
School of Medicine, Los Angeles 
The fat is fed to the unanesthetized animal by stomach tube 

attached to the tuberculin syringe. At the appropriate time, the 

intact gastrointestinal tract is removed, from esophagus to rectum. 

The contents are separated from the gastrointestinal tract by 

forcing successively 50 cc. of water at 70°, 20 cc. of petroleum 

ether, and 20 cc. of water through the gut from a syringe con- 
nected to the esophagus. During this process the stomach and 
cecum are continuously massaged to remove any solid material. 
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After acidification of the gut contents, the fat is removed by ex- 
traction for 4 hours in a modified Kutscher-Steudel apparatus, 
with petroleum ether as a solvent. The quantity of fat extracted 
is determined from the increase in weight of the flasks after re- 
moval of the petroleum ether by evaporation and by drying under 
reduced pressure. When 1.5 cc. of cottonseed oil are adminis- 
tered to a rat and the animal is immediately killed, an average of 
95 per cent is recovered. The control level for fasted rats is only 
5 mg. 


Metabolic Effects of Adrenalin and Benzedrine. By D. B. Dit, 
R. E. Jonnson, anp C. Daty. From the Fatigue Laboratory, 
Morgan Hall, Harvard University, Boston 
The cycle of changes in pulse rate, blood pressure, blood sugar, 

and blood lactate after the injection of 1 mg. of adrenalin chloride 

(Parke, Davis) was completed in 23 hours or less. The R.Q. rose 

abruptly when lactate increased but did not fall correspondingly 

as lactate was removed; over the entire postinjection period the 

r.Q. was higher by 0.02 than before injection. Acetone bodies 

in blood and urine were not more concentrated than in experiments 

of like duration in which no drug was administered. The average 
calorigenic effect of adrenalin was +13 per cent; return to the 

metabolic level of the control experiments required about 2} 

hours. Previous experiments have indicated that adrenalin fa- 

vors carbohydrate utilization in exercise; these indicate that it 
does not interfere with carbohydrate utilization in normal man in 
the postabsorptive state. 

The injection of 20 mg. of benzedrine sulfate (Smith, Kline and 
French) produced no change in blood sugar, blood lactate, or 
R.Q. and no consistent change in pulse rate. There was a gradual 
rise in blood pressure and in oxygen consumption throughout the 
24 hours of observation; during this time the average calorigenic 
effect was +7 per cent. 

Benzedrine, although related structurally to adrenalin and 
classed with it as sympathomimetic, differs qualitatively and 
quantitatively in its action and disappears more slowly from the 
body. 


The Use of the Dysentery Organism for the Quantitative De- 
termination of Nicotinic Acid. By Atsert Dorrman, M. K. 


| 
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Horwirt, 8. A. Koser, anp Saunpers. From the 

Departments of Biochemistry and of Bacteriology of the Uni- 

versity of Chicago, Chicago, and the Elgin State Hospital, Elgin 

In a previous report we have shown that the dysentery bacillus 
is able to grow in a synthetic medium if 0.005 microgram per ce. 
of nicotinic acid is present. There is a close correspondence 
between the activity of nicotinic acid derivatives when tested as 
growth-promoting substances for the dysentery organism and as 
black tongue-preventing substances for dogs. Since no adequate 
chemical or biological method for the quantitative estimation of 
nicotinic acid and related compounds exists, we deemed it ad- 
visable to develop such a method, using the dysentery bacillus 
as a test organism. 

The method consists essentially of determining the minimum 
amount of any unknown solution which when added to a synthetic 
medium will produce growth comparable to that obtained with a 
standard quantity of nicotinic acid. It is understood that we 
are measuring not only nicotinic acid, but also the other bio- 
logically occurring compounds which we have found active for 
this organism. These include nicotinamide, nicotinuric acid, and 
cozymase. Coenzyme II has not been tested. 

The method has been applied to normal human blood, normal 
human urine, milk, and saliva. A remarkable constancy was 
found in human blood and in the daily urinary output. Almost 
all activity in blood has been found to be in the erythrocytes. 


The Effect of Light Scattering upon the Absorption Spectra of 
Non-Hemolyzed Erythrocytes. By Davin L. DRABKIN AND 
Ricuarp B. Stncer. From the Depariment of Physiological 
Chemistry, School of Medicine, University of Pennsylvania, 
Philadelphia 
The purpose of this study is the extension of spectrophotometry 

to the important field of very turbid systems, such as whole 

blood and tissues. 

By means of a spectrophotometer ¢ values at different wave- 
lengths were obtained for suspensions of non-hemolyzed dog 
erythrocytes, the number of red blood cells and the depth of the 
cuvette being varied. Suspensions of cream particles, with and 
without added HbO:, were subjected to similar measurements. 
The total light extinction by suspensions of red blood cells in 
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the Drabkin and Austin cuvette* 0.07 mm. in depth could be 
accounted for by the equation, « (total) = f (N) X « (HbO,) 
+ e (scattering), where N is the number of cells per c.mm. and 
e (scattering) represents the light lost owing to scattering by the 
cell particles in the suspension and possibly other as yet undefined 
factors. Under our conditions, e (scattering) for both erythrocytes 
and cream particles was found to be a non-linear function of N, 
and independent of wave-length (between 630 and 500 my). At 
values of N < 0.35 X 10°, f (N) < 0.1, the absorption spectrum of 
HbO, was completely submerged by the non-specific ‘‘absorption”’ 
due to scattering. At N between 0.35 10° and 3.5 x 10, f 
(N) varied between 0.1 and 1.0. At N = or > 3.5 X 10°, 
f (N) became constant at a value of 1.0. Under the latter 
circumstances, the spectrum of HbO, within the erythrocytes 
was readily deduced. 


The Function of Carbonate in the Synthesis of Glycine from 
Chloroacetic Acid, Ammonium Hydroxide, and Ammonium 
Carbonate. By Max 8. Dunn, A. W. BuTLer, aNp Epwarp 
H. Frrepen. From the Chemical Laboratory, University of 
California at Los Angeles, Los Angeles 
The rates of formation and yields of chloride and primary 

amine at three temperatures were measured. At equal concen- 

trations of total ammonia, the yield of chloride is the same but that 
of primary amine is markedly increased with mixtures of ammonia 
and carbonate compared with ammonia alone. The rates of 
both reactions decrease as the equivalent ratio of carbonate to 
chloroacetic acid increases to 5:1 in mixtures containing total 

ammonia and chloroacetic acid in ratios less than 30:1. 

The ratio of approximately 30:10:1 for total ammonia, total 
carbonate, and chloroacetic acid is optimum for the maximum 
production of primary amine. Glycine has been isolated re- 
peatedly from such mixtures in yields which are 25 per cent higher 
than the 60 per cent of the theoretical yield obtainable with a 
60:1 ratio of ammonia to chloroacetic acid, or an 8:1 ratio of 
ammonium carbonate to chloroacetic acid, as advocated by Rob- 
ertson and Cheronis, respectively. The authors’ method is more 
convenient and more economical than other procedures. 


* Drabkin, D. L., and Austin, J. H., J. Biol. Chem., 112, 105 (1935-36). 
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The hypothesis is proposed that relatively high concentrations 
of both ammonia and carbonate promote a nearly complete 
amination of chloroacetic acid and largely eliminate side reaction 
products by forming carbaminoglycine from which glycine is 
subsequently regenerated. Consideration of the partial pressures 
of ammonia and carbon dioxide in the experimental systems sup- 
ports the belief that the observed reactions are largely controlled 
by these factors. 

Similar studies with homologous a-halogen acids are planned. 


Biotic Acid; a New Growth Substance in Liver. By Roperr 
E. Eaxrn AND Rocer J. From the Chemical 
Laboratories of Oregon State College, Corvallis 
For the growth of yeast at a maximum rate from a small seeding, 

several substances which are as yet unknown must be present in 

the medium. This statement is true even if pantothenic acid 

(Williams e¢ al.) and biotin (Kégl) are included among the 

“known”’ substances. 

A new growth substance or nutrilite which supplements pan- 
tothenic acid, especially when tested on a pure culture from 
Fleischmann’s yeast (pound goods), has been found in liver. It 
has been characterized as follows: It is an acid of about the same 
strength as pantothenic acid, and is readily oxidized anodically 
and by hydrogen peroxide. The molecular weight by diffusion 
is approximately 150. The methyl ester of the acid is practically 
as effective physiologically as the acid itself. The physiological 
activity is wholly destroyed by refluxing with alcoholic hydro- 
chloric acid; in this respect, “biotic acid’? behaves differently 
from biotin, which is unimpaired by this treatment. “Biotic 
acid” is highly water-soluble and is not adsorbed by charcoal, 
and hence according to the terminology of Miller would be bios 
II with some letter appended. The fractions of bios II are all 
so poorly characterized, however, that it is impossible to identify 
“biotic acid” with any previously recognized fraction. 


The Survival of Cathepsin. By Howarp Ever, H. C. Brap.ey, 
AND Samuet Betrer. From the Laboratory of Physiological 
Chemistry, University of Wisconsin, Madison 
A study of the survival of cathepsin in hog liver digests indi- 
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cates that at pH 2 the enzyme is destroyed immediately. At 
pH 2.5 it is completely inactivated in 5 days. At pH 3.0 much 
of the activity remains for 5 days. Between pH 3.5 and 5.0 the 
enzyme is quite stable for over 30 days. In such digests cathepsin 
shows a progressive increase of activity as autolysis proceeds 
for 10 days; by the end of 20 days there is evidence of gradual 
destruction. With increase of pH from 6 to 8 there is a gradual 
loss of cathepsin, in proportion to the alkalinity. Even at pH 
8, however, activity persists for 20 days. At pH 9.0 it is destroyed 
quite rapidly. The rapid decrease of autolysis on the acid side 
of the optimum range appears referable to the diminishing enzyme 
mass. On the alkaline side, the decrease in autolysis appears 
referable to the mass of substrate as the limiting factor, although 
the activity of cathepsin itself in that pH region has not yet been 
definitely excluded. 


Water and Electrolyte Content of Dog Kidneys. By LILLIAN 
EICHELBERGER AND G. From the Lasker 
Foundation for Medical Research, Department of Medicine of 
the University of Chicago, Chicago 
Total water, fat, and the concentrations of the principal elec- 

trolytes were determined in kidneys from dogs in the following 
groups: (1) twenty normal controls, whole kidneys; (2) five normal 
controls, in each of which one whole kidney was analyzed and the 
other kidney roughly dissected into medulla and cortex, which 
were analyzed separately; (3) ten hydronephrotic dogs, each 
having a single hydronephrotic kidney; (4) ten normal dogs, in 
each of which one kidney had been removed and the other kidney 
left for a period of 1 to 9 months. 

Normal kidneys gave the following mean average results, which 
are expressed as units per kilo of fat-free kidney: total water, 800 
gm., o +8.8; calcium, 2.5 mm, ¢ +1.24; potassium, 58.6 mM, 
o +3.94; sodium, 84.0 mm, ¢ +5.0; chloride, 69.1 mm, o +7.4. 
The right and left kidneys from the same animal gave the same 
analytical results. The values for water, fat, sodium, and chlo- 
ride were always greater for the medulla than for the cortex. 

The hydronephrotic kidneys differed from the normal in that 
there was an increase in total water content and a decrease in 
chloride concentration. 
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The single kidneys in normal dogs over varying periods up to 
9 months did not differ in water and electrolyte concentration 
from the kidneys removed first. After the removal of one kidney 
from a normal dog, there was no hypertrophy of the remaining 
kidney within the period of observation (1 to 9 months). 


Chemical and Histologic Studies of Fatty Livers Produced in 
Thiamine Therapy of Experimental Vitamin B, Deficiency. 
By R. W. Encet H. From the Depart- 
ment of Biochemistry, College of Agriculture, University of Wis- 
consin, Madison 
Thiamine administration in experimental vitamin B,-deficient 

chicks or rats produces “fatty” livers. Chemical analyses of 
these livers show an increased deposition of glycogen and a slight 
but definite increase in alcohol-extractable substances. The 
total nitrogen in the residue after alcohol extraction remains un- 
changed. These chemical changes occur as soon as 6 hours 
after the intraperitoneal injection or the feeding of thiamine or 
cocarboxylase. They persist for at least 10 days. Choline, or 
lipocaic, injected simultaneously with the vitamin or the feeding 
of a diet high in casein failed to preserve or to restore the normal 
liver structure. 

Histologically this pathologic change is characterized by a 
metamorphosis of the fat present in the liver cell. The severity 
of the structural changes depends upon the dose administered. 
50 micrograms cause a slight histologic reaction, while 500 micro- 
grams cause severe degeneration. This condition can be pre- 
vented in the rat by replacing the carbohydrate of the diet by fat. 
A normal liver structure is present in the fat-fed rats, although 
there is a slight increase in the fat content. 


The Influence of Spermine and Spermidine on Tissue Oxidations. 
By E. A. Evans, Jr. From the Department of Biochemistry 
of the University of Chicago, Chicago 
The hyperglycemic action of dilute acid extracts of swine in- 

testinal mucosa can be ascribed in part to the presence of sper- 

mine and spermidine, both of which were isolated from such 
extracts. There is little information concerning the physiological 
properties of these amines, although they occur in many mamma- 
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lian tissues. Both when injected intramuscularly (15 mg. per 
kilo) into fasted rabbits evoke a hyperglycemia persisting for 
several hours. While this hyperglycemia can have many origins, 
the association of hyperglycemia with anoxia suggested the in- 
vestigation of the effect of spermine on the respiration of isolated 
tissues. By means of the direct Warburg technique with minced 
guinea pig brain, the presence of 0.0057 m spermine was found to 
cause a 70 to 80 per cent inhibition of the oxygen consumption due 
to glucose. Similar results were obtained with spermidine. The 
extra oxygen consumption of minced brain tissue respiring on 
lactate or pyruvate was also inhibited by 0.0057 m spermine to 
about the same extent. The same concentration of spermine 
causes no inhibition with succinic acid as a substrate for brain, 
while only slight inhibition (10 to 20 per cent) occurs with glutamic 
acid. Little if any oxidation of spermine occurs in the presence 
of minced guinea pig liver, lung, or kidney. There is some 
evidence that oxidation of spermine occurs with minced brain 
but the reaction is slow and incomplete. While the data sub- 
mitted do not furnish adequate proof for such a conclusion, it is 
possible that this inhibition is part of the normal function of 
spermine and spermidine. 


On the Mechanism of Augmentation of Gonadotropic Activity. 
By Joun 8. Evans, JosepH CrerrHami, L. R. Hines, 
F. C. Kocn. From Department of Biochemistry, the Uni- 
versity of Chicago, Chicago 
The augmentation of gonadotropic activity of follicle-stimu- 

lating products prepared from pituitary tissue, by the addition of 

copper or zinc salts as observed by Pfeiffer, Fevold, Maxwell, and 

Saunders and Cole was confirmed by the van Dyke-Wallen- 

Lawrence method of assay.* Increasing amounts of copper 

sulfate up to a certain level with constant amounts of pituitary 

extract produce corresponding increases in ovarian weights. 

Adrenalin chloride (1:10,000) produces similar effects. No aug- 


* Pfeiffer, C. A., Anat. Rec., 67, 159 (1937). Fevold, H. L., Hisaw, F. L., 
and Grup, R., Am. J. Physiol., 104, 710 (1933) ; 117, 68 (1936) ; Endocrinology, 
21, 343 (1937). Maxwell, L. C., Am. J. Physiol., 110, 459 (1934). Saunders, 
F. J., and Cole, H. H., Endocrinology, 23, 302 (1938). van Dyke, H. B., and 
Wallen-Lawrence, Z., J. Pharmacol. and Exp. Therap., 47, 163 (1933). 
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mentation was observed when the mixtures of gonadotropic 
material and enhancing agent are injected directly into the heart. 
Only slight augmentations are observed when the gonadotropic 
material and enhancing agents are injected subcutaneously at 
different sites. Neither salmine nor CaCl, possesses the en- 
hancing properties, even when injected with the gonadotropic 
substance. The striking action of adrenalin and the negative 
effects from cardiac injection support the view that the enhancing 
effects are due to delayed absorption. In contrast to pituitary 
tissue extracts, human pregnancy urine and pregnant mare serum 
(gonadogen, Upjohn) preparations were not augmented by copper 
sulfate. 


The Determination of pH with the Photoelectric Colorimeter. 
By KennetH A. EveLYN AND HevGa Tarr From 
the University Clinic, Royal Victoria Hospital, Montreal, 
Canada 
The photoelectric colorimeter* has been applied to the de- 

termination of pH by means of indicators. The principle involved 
is essentially the same as that of the spectrophotometric de- 
termination, in that the color of the indicator is expressed in 
terms of the ratio of the optical densities of the solution measured 
at two different wave-lengths. The wave-lengths chosen for each 
indicator are isolated by selective light filters so as to correspond 
to the points of maximum absorption of the acid and alkaline 
forms of the indicator respectively. 

The measurement is independent of subjective estimations of 
color, and does not involve the use of any standard buffer or 
indicator solutions. Although the photometric method is as rapid 
as the ordinary visual comparison procedure, the accuracy ob- 
tained is usually better than that of the spectrophotometric 
technique when even the best of visual spectrophotometers 
are employed. The pH of a buffer solution can be determined 
with a precision of better than 0.01 pH, but the absolute ac- 
curacy is dependent on the accuracy with which the results can 
be corrected for salt and protein errors. Subject to these reser- 
vations the method has been applied to the determination of the 


* Evelyn, K. A., J. Biol. Chem., 115, 63 (1938). 
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pH of plasma, by a modification of the Cullen procedure. The 
photoelectric method has also been found most satisfactory for 
measuring the pK of any indicator and for evaluating the effect on 
pK of various factors such as temperature and ionic strength. 


Thermostable Oxidations in Tumor Tissue. By R. N. Fermsrein 
anp F. J. Srare. From the Cancer Research Laboratories, 
University of Wisconsin School of Medicine, Madison 
The presence in muscle of a thermostable mechanism for oxi- 

dations and reductions dependent on glutathione was observed 
by Hopkins. At acid pH values he attributed the oxygen uptake 
of this system to fat oxidation, and at neutral or alkaline pH 
values to protein oxidation. We were interested in studying this 
system in rat carcinoma. 

Thermostable powders were prepared from muscle and cancer 
tissue (Flexner-Jobling) by grinding, extracting with boiling water, 
washing with alcohol, and drying. Such powders suspended in 
phosphate slowly take up oxygen. Addition of a few mg. of 
glutathione increases the oxygen uptake 100 per cent or more. 
In the presence of a few mg. of glutathione, 1 gm. of muscle powder 
will consume 700 c.mm. of oxygen in 6 hours, after which oxygen 
is still being consumed at nearly the initial rate. The amount of 
oxygen is more than can be accounted for on the basis of the oxida- 
tion of the glutathione. The same amount of tumor powder 
prepared from either the healthy or the necrotic part of the tumor 
will consume only 180 c.mm. of oxygen. The oxygen uptake of 
fresh muscle, either slices or brei, is of the same order as the oxygen 
uptake of fresh tumor. 

Apparently the thermostable oxidative system in which gluta- 
thione functions is markedly diminished (by 75 per cent) in tumor 
tissue (Flexner-Jobling rat carcinoma). 


The Dielectric Properties of Lactoglobulin and Its Interaction 
with Ions and Dipolar Ions. By J. D. Ferry, Epwin J. 
Coun, J. L. AND Murret H. Biancuarp. From 
the Department of Physical Chemistry, Harvard Medical School, 
Boston 
The significance of dielectric constant increments and of dipole 

moments oi amino acids, peptides, and proteins for their inter- 
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actions with ions and other dipolar ions has previously been 
stressed. * 

Palmer{ has measured the solubility of crystalline lactoglobulin 
in dilute sodium chloride solutions. Its interaction with salt is 
greater than that of hemoglobin or of any amino acid or peptide 
hitherto studied. It seemed, therefore, desirable to determine 
whether the dipole moment of this protein, and its interaction 
with dipolar ions, is also comparatively large. 

The dielectric constant increment of lactoglobulin has been 
determined in aqueous solution and in the presence of 0.25 Mm 
and 0.50 m glycine to be 1.4 per gm. per liter, the largest of any 
proteins thus far studied; or 56,000 per mole, on the basis of a 
molecular weight of 40,000. The dipole moment is estimated to 
be 700 Debye units. 

Paralleling the large influence of salt upon the solubility is the 
influence of the dipolar ion glycine. The solubility of lacto- 
globulin in glycine solutions is given by log N/No = KC, where 
No is the solubility in water and N that in a solution of glycine 
of concentration C. The constant K has the value 2.0, as 
compared with 0.10 for asparagine, 0.23 for cystine, and 0.95 
for hemoglobin, in glycine solutions. 

Comparison with dipole moments (15 for asparagine, 27 for 
cystine, and 500 for hemoglobin) indicates the importance of the 
moments in these interactions. 


Studies on the Proteins of the Kidney. I. By Ronatp M. 
Ferry, T. Ferry, Jr., Mary K. Conno.ty. 
From the Department of Physical Chemistry, Harvard Medical 
School, Boston 
The possibility that protein structure, already shown to be 

directly connected with the function of muscle, might be defi- 

nitely related to the activity of other tissues induced us to under- 
take a study of the proteins in the renal cortex. 

Horse kidneys were removed immediately after death, perfused 
free of blood with physiological saline, and the cortex dissected 
and immediately frozen. The frozen tissue was finely ground 
and either kept at —10° or —15° or dried rapidly in a vacuum. 


* Cohn, E. J., Chem. Rev., 19, 241 (1936); J. Physic. Chem., 43, 169 (1939). 
t Palmer, A. H., J. Biol. Chem., 104, 359 (1934). 
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Extracts were made from these materials with salt solutions 
varying in the kind of salt, pH, and ionic strength. At ionic 
strengths between 0.5 and 1.0, no significant variation in protein 
concentration was noted. Higher concentrations were less effec- 
tive. The extracts in sodium and potassium chlorides and es- 
pecially in phosphate buffers seemed more stable. Variation in 
pH from 6.2 to 7.4 showed no appreciable change in the concen- 
tration of protein extracted at constant ionic strength, although 
the character of the solution did vary. Within the limits given, 
the concentration of extracted protein was strikingly constant 
at 0.5 to 0.6 per cent and represented 28 to 32 per cent of the dry 
weight of the cortex. About 60 per cent of this is globulin. 

The more alkaline phosphate buffer extracts from fresh tissue 
were more viscous and were thread-forming, suggesting those from 
muscle. Unlike myosin solutions, they do not show double 
refraction of flow. The substance giving rise to this property has 
the characteristics of a mucin. 


Carbohydrate Changes in Working Muscle. By Eunice V. 
Frock Jesse L. Botuman. From the Division of Ex- 
perimental Medicine, The Mayo Foundation, Rochester, Min- 
nesota 
When muscles of rats are stimulated to contract isotonically 

in vivo at the rate of three twitches per second for varying time 

intervals, it is found that muscle glycogen, which breaks down 
rapidly, reaches a low level at the end of the 1st minute of con- 
traction and remains approximately at this level as work con- 
tinues. Associated with the glycogen breakdown during the Ist 
minute of work are marked increases in lactic acid and hexosephos- 
phate and much smaller but definite increases in pyruvic acid 
and glucose. The concentration of glucose may remain elevated 
during subsequent work, whereas the concentrations of lactate, 
pyruvate, and hexosephosphate decrease to normal values within 

15 or 20 minutes and remain normal during more prolonged work. 

No difference is found in the rate of disappearance of these three 

substances, whether the muscle works or rests after the Ist 

minute of contraction. 
The finding of an increase in pyruvic acid in the muscle during 
the initial stages of work suggests that the increased pyruvate 
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in blood and urine in the human after severe exercise, observed 
by Johnson and Edwards, is of muscular origin. Rats in a state 
of vitamin B, deficiency do not differ from normal rats in the 
magnitude or duration of increase of pyruvate with work, al- 
though such rats have a higher initial concentration of pyruvate 
in both blood and muscles. 


Gastric Emptying of Cereal Starch. By F. Froescuie 
AND H. B. Pierce. From the Department of Physiological 
Chemistry, College of Medicine, University of Vermont, Bur- 
lington 
Cereal starch has been fed at two levels to 130 young adult 

female rats fasted for 48 hours. The animals were sacrificed at 

definite time intervals after having food placed before them, and 
unabsorbed cereal was recovered from the stomach and intestine. 

The amount of starch and free sugar was determined in the con- 

tents of the stomach and small intestine. Knowing the amounts 

of carbohydrate fed and recovered and seat of recovery, we 
have computed the rates of gastric emptying and absorption. 

At the two levels fed, approximately 170 and 280 mg. of dry 
cereal starch, the weight of material leaving the stomach was less 
with the small than with the large amount, but the percentage of 
the total leaving the stomach was approximately the same in the 
two series. This would afford less carbohydrate for absorption 
when the small quantity was fed. The total weight of carbohy- 
drate absorbed, in turn, was found to be lower with the lower 
intake, whereas the percentage of the total absorbed for each 
group was approximately the same. 

Curves plotted showing the amount of starch hydrolyzed and 
amount of carbohydrate absorbed indicate that hydrolysis pro- 
ceeds at a more rapid rate than absorption in early, but not 
late periods of the experiment. 


The Réle of Iron, Copper, and Cobalt in Hemoglobin Production 
in Dogs on a Milk Diet. By D. V. Frost anv C. A. E_vensem. 
From the Department of Biochemistry, University of Wisconsin, 
Madison 
A severe copper deficiency was produced in young dogs by 

feeding anemic dogs 20 mg. of Fe per day for 1 to 3 weeks to 
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deplete the copper reserves and returning the dogs to milk alone 
until hemoglobin values of 5 to 7 gm. per 100 cc. of blood were 
obtained. Addition of 20 mg. of Fe at this point produced no 
significant increase in hemoglobin, but the addition of 20 mg. of 
Fe and 2 mg. of Cu produced rapid increases. When 10 mg. of 
Fe and 2 mg. of Cu were fed, 50 per cent of the ingested iron was 
used directly for hemoglobin production during the first 3 weeks 
of therapy. 

Several of the dogs that had been made anemic by the above 
method and kept on a milk diet for 3 to 5 months showed an ex- 
cellent original response to iron and copper but the hemoglobin 
level reached a plateau at 10 to 12 gm. for 100 cc. of blood. As 
little as 0.1 mg. of Co per day stimulated Hb production in these 
dogs and allowed complete regeneration. 

Dogs maintained on milk and made anemic by hemorrhage 
attained normal hemoglobin levels rapidly on dry whole liver 
and on iron plus copper and slowly and incompletely on iron alone. 

When dogs made anemic by hemorrhage were given 4 mg. of 
cobalt per day followed in 2 weeks by iron and copper, they 
failed to show a hemoglobin or weight response. Addition of 
whole liver promoted a rapid increase of hemoglobin. The calcu- 
lated hemoglobin increase during the 2nd week of liver therapy 
was as high as 76 gm. Later polycythemia developed. 


Effects of an Anterior Pituitary Growth Preparation on Me- 
tabolism in Phlorhizin Diabetes. By Henry GAEBLER 
AND WALTER J. ZIMMERMAN. From the Department of Labora- 
tories, Henry Ford Hospital, Detroit 
In previous experiments on normal dogs protein catabolism 

was greatly decreased by injections of a growth preparation, de- 

spite a large increase in the basal metabolic rate. This state of 
affairs was accounted for by increased oxidation of fat or carbo- 
hydrate, depending upon the dietary régime. We have now 
studied the question of whether oxidation of carbohydrate is 
essential in this process, or whether protein catabolism can also 
be reduced if fat alone supplies the remaining calories. We were 
also interested in knowing whether the growth preparation altered 
the yield of glucose from protein. 

Normal, phlorhizinized, and phlorhizinized thyroidectomized 
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dogs were used. They received a constant quantity of meat 
daily. In the normal dogs the increased oxidation of fat caused by 
the growth preparation was unaccompanied by ketosis. In the 
phiorhizinized dogs the growth preparation increased still further 
the high metabolism of phlorhizin diabetes and correspondingly 
augmented the ketosis. In spite of these untoward effects the 
urine nitrogen decreased slightly for 1 day in some of the animals, 
the non-protein nitrogen of the blood remaining constant. In 
the thyroidectomized phlorhizinized dogs the nitrogen storage 
produced by the growth preparation was more pronounced, 
though still much smaller than in normal animals. The effec- 
tiveness of the growth preparation was greatly diminished, but 
not abolished by phlorhizin. The familiar D:N ratio was un- 
affected by the growth preparation in either group of phlorhizin- 
ized animals, so that the yield of glucose from protein catabolized 
appears to remain unchanged. 


Renal Threshold for Glucose in Pregnancy. By R. B. Gisson, 
Joyce FinpLayson, W. D. Paut. From the Pathological 
Chemistry Laboratory, University Hospital, State University 
of Iowa, Iowa City 
Observations were made during late pregnancy on the renal 

threshold for glucose. Sherrill and MacKay’s* procedure, with 

certain modifications, was followed. After fasting 12 hours, the 
patients received 200 cc. of water at 6 a. m. and 200 cc. each half 
hour thereafter. At 7.30 a. m., they were given 0.25 gm. of urea 
per kilo of body weight; at 8 a. m. 10 units of insulin. A retention 
catheter was introduced. Urines were collected over 20 minute 
periods and blood drawn from the finger tip in the mid-periods. 
At the conclusion of a control period, 25 gm. of glucose in 50 per 
cent solution were administered intravenously. Urine sugar was 
fermented with yeast (or B. coli communior) and the urine 
treated with acid-washed Lloyd’s reagent. Blood sugars for the 
periods preceding minimum and constant content of urine fer- 
mentable sugar were considered threshold values. Thresholds 

found for the descending curves (twelve women) averaged 78 

mg. per cent, from 40 to 152 mg. per cent; two non-pregnant 


* Sherrill, J. W., and MacKay, E. M., Arch. Int. Med., 68, 877 (1935). 
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women showed 102+ and 152 mg. per cent. Sherrill and Mac- 
Kay found average thresholds of 128 (78 to 157) mg. per cent in 
eleven normals. Thresholds obtained for five of our patients 
during the recovery phase exceeded those of the descending blood 
sugars (averaging for descent 60 mg. per cent; for recovery, 73 
mg. per cent). The results demonstrate definite lowering of the 
renal threshold in late pregnancy—explaining the non-diabetic 
glycosuria often encountered—and are in accord with earlier 
findings where other techniques were employed. 


Specificity of Choline Esterase. By Davin Guicx. From the 
Research Laboratories of the Newark Beth Israel Hospital, 
Newark 
Thioacetyl esters of choline are enzymatically hydrolyzed much 

faster than the corresponding oxygen compounds. Introduction 
of a halogen into the acid component of acetylcholine also makes 
the compound more susceptible to enzyme action. Substitution 
of methyl, ethyl, phenyl, or piperidinoyl groups into the acid 
component of carbaminoylcholine has no effect upon the resistance 
to enzyme action possessed by the ester. The piperidinium and 
pyrrolidinium analogues of acetylcholine (N-dimethyl-a-acetoxy- 
methylpiperidinium iodide and N-dimethyl-2-acetoxymethyl- 
pyrrolidinium iodide) are both split 60 per cent as rapidly as 
acetylcholine itself. Only slight enzyme activity is observed with 
the piperidinium analogue of acetyl-y-homocholine, and none when 
a §-methyl group is placed in the piperidinium component. 
8-Alkyl substitutions, with and without alkyl changes on the 
nitrogen, in the pyrrolidinium analogue of acetylcholine show no 
enzyme action. Employing the pyrrolidinium group as the acid 
component of an ester, analogous to the betaine type esters, ren- 
dered the compounds impervious to enzymatic hydrolysis. From 
these data, and others previously reported, a formulation may 
now be made of certain general rules concerning the relation be- 
tween structure and enzymatic scission of choline and choline- 
like esters. 


The Capsular Polysaccharide of Type XIV Pneumococcus and Its 
Relationship to the Specific Substances of Human Blood. By 
Warner F. Gorset, Paut B. Berson, anp CHARLEs L. 
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HoaGiann. From the Hospital of The Rockefeller Institute for 

Medical Research, New York 

Since Finland and Curnen* have shown that Type XIV anti- 
pneumococcus horse serum contains agglutinins for human ery- 
throcytes of different blood groups, a study has been made of the 
Type XIV specific polysaccharide and its relationship to the 
chemical and immunological properties of the blood group specific 
substances. The capsular polysaccharide isolated from Type XIV 
pneumococci is a nitrogenous carbohydrate constituted from 
molecules of an acetylated amino sugar and a hexose. The bac- 
terial carbohydrate resembles in chemical and immunological 
properties the blood Group A specific substance, the only blood 
group specific substance whose properties are well established. 

Type XIV antipneumococcus horse serum precipitates the blood 
Group A specific substance in high dilution. When Type XIV 
antipneumococcus serum is absorbed with the bacterial carbo- 
hydrate, not only are all homologous precipitins and agglutinins 
removed, but agglutination of human erythrocytes and precipita- 
tion of the blood Group A specific substance no longer take place. 
Absorption of the serum with the A substance or with erythrocytes 
of A, B, or O groups removes the agglutinins for all blood groups, 
but not the antibodies which react with Type XIV pneumococci 
or with the capsular polysaccharide derived from them. 

Others have reported that administration of Type XIV anti- 
pneumococcus horse serum to pneumonia patients has in some 
instances been followed by hemoglobinuria and death. These 
untoward reactions can be attributed to a similarity in structure 
of the Type XIV specific substance and the blood group poly- 
saccharides, as reflected in the immune serum. 


Sulfhydryl Groups in Proteins. By Jrsse P. GREENSTEIN. 
From the Department of Physical Chemistry, Harvard Medical 
School, Boston 
Egg albumin, edestin, excelsin, and globin, when in the native, 

unaltered state do not give tests for sulfhydryl groups. When, 

however, these proteins are treated in any one of several ways, 
such as by heat, shaking, acetone precipitation, or by solution 
in urea, free sulfhydryl groups appear. 


* Finland, M., and Curnen, E. C., Science, 87, 417 (1938). 
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The number of —-SH groups which appear in these proteins in 
the presence of urea, guanidine hydrochloride, and some of their 
derivatives has been estimated by the use of the porphyrindin dye. 
Certain of the results may be summarized as follows: (1) the 
proportion of —SH groups appearing in either urea or guanidine 
is much greater than when the proteins are treated by heat, 
shaking, or precipitation; (2) guanidine hydrochloride has the 
greatest effect observed thus far in liberating —SH groups; (3) the 
proportion of —-SH groups appears to be independent of the pro- 
tein concentration, and in the case of egg albumin is dependent 
only on the concentration of urea or guanidine hydrochloride; 
(4) in equal concentrations of guanidine hydrochloride, the —SH 
groups determined amount in egg albumin to two-thirds, in edestin 
to one-third, in excelsin to one-ninth, and in globin to three- 
fourths of the alkali-labile sulfur in each protein; (5) there is no 
apparent relation between the differences in molecular weight of 
certain proteins in water and urea and the amount of —SH groups 
which appear in the latter solvent. 


The Relation of Growth, Dietary Protein, and Liver Fat in Young 
Rats. By Wenpe.t H. Grirrira. From the Department of 
Biological Chemistry, St. Louis University School of Medicine, 
St. Louis 
The rate of growth of young rats and the production of fatty 

livers have been determined on high fat diets, with and without 

added choline and with and without adequate protein. Male rats 
weighing 40 gm. were used in groups of ten and were continued 
on the experimental diets for 28 to 30 days. The vitamin supple- 
ment was constant and consisted of dried liver, yeast, and cod 
liver oil. Casein, fibrin, and egg albumin, alone and in various 
combinations, were tested at 5, 10, and 15 per cent levels. In 
general a direct relationship was found between the rate of growth 
and the amount of liver fat. One of the better rates of growth 

(2 gm. daily for 30 days) associated with a high liver fat (35 per 

cent) resulted from the feeding of the following mixture: casein 4, 

fibrin 4, egg albumin 2, yeast 5, liver 2, salt mixture 5,* agar 2, 


* Hawk and Oser mixture 4, calcium carbonate 1. (Hawk, P. B., and 
Oser, B. L., Science, 74, 369 (1931).) 
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cod liver oil 5, sucrose 36, and lard 35. In every case the addition 
of choline prevented the increase in liver fat. No evidence was 
obtained that choline possessed growth activity if the dietary 
protein was adequate. 


The Carbohydrate of the Gonadotropic Hormone of Pregnancy 
Urine. By Samvuet Gurin, C. Bacuman, D. Wricut 
Witson. From the Departments of Physiological Chemistry and 
Gynecology and Obstetrics, University of Pennsylvania, 
Philadelphia 
Analyses of the carbohydrate in the gonadotropic hormone of 

pregnancy urine by various methods have been made. The fol- 
lowing values were obtained for several highly purified prepara- 
tions: Shaffer-Hartmann method, 17 to 19 per cent; Shaffer- 
Hartmann method after use of Zn(OH)s, 13 to 16 per cent; carbazole 
method, 9 to 11 per cent; orcinol method, 9 to 11 per cent; all 
calculated as galactose. Hexosamine varied from 4.5 to 6 per 
cent and the molecular ratio of galactose to hexosamine was 
2.10 + 0.13. The carbazole method was studied in detail and 
found to be superior to the orcinol method for identifying the sugar 
in a carbohydrate-protein complex such as the hormone. Data 
obtained with the carbazole method, after certain necessary cor- 
rections were applied, demonstrated that the carbohydrate of the 
gonadotropic hormone is galactose. Confirmatory data were 
obtained by using the orcinol method. 


A Property of the Hydroxy Group in Amino Acids. By Freperick 
S. Hammett. From the Lankenau Hospital Research Institute, 
Philadelphia 
A systematic survey of the part played in growth by the 

naturally occurring amino acids has brought out hitherto unsus- 
pected properties. Thus it has been found that there is a con- 
sistent difference in type in the three OH-bearing compounds 
serine, tyrosine, and hydroxyproline, and their non-OH-bearing 
congeners alanine, phenylalanine, and proline. The introduction 
of the OH group results in a lessened toxicity, a lessened specific 
dynamic effect, and in bringing to the fore a characterizing growth 
influence. The observations were all made on the colonial-living 
form of the marine hydroid Obelia geniculata. 


xxxvili Scientific Proceedings. XXXIII 


An Oil Manometer for the Fifteen-Fold Increase in Sensitivity 
of the Manometric Gas Apparatus of Van Slyke and Neill. By 
Martin E. Hanke. From the Department of Biochemistry, the 
University of Chicago, Chicago 
The apparatus consists of a pair of kerosene manometers, 2 mm. 

bore, above mercury reservoirs, 25 mm. bore, joined below through 

a U-bend to the mercury of the regular gas apparatus by a side 

arm just above the leveling bulb stop-cock. The oil manometers 

are at about atmospheric pressure, and the position of the 25 mm. 

bore tube containing the mercury-oil meniscus is about 76 em. 

below the reaction chamber. The manometer readings are made 
independent of atmospheric pressure changes by joining their 
upper ends to a gas reservoir (4 liter bottle) whose pressure 
measured on a separate oil barometer is adjusted to a definite value 
by inflow or outflow of water immediately before each manometric 
reading. Stop-cocks allow one to cut out either one or both oil 
manometers, and the regular usefulness of the apparatus with the 
mercury manometer remains unaltered. Temperature of the 
chamber is read to 0.01° to correct for aqueous tension changes. 

The reaction chamber is rigidly braced during the manometric 

readings so as to make its position uniform to 0.01 mm. 

For the precise analysis of small samples, small and uniform 
blanks are realized by the use of gas-free reagents and precise 
volume measurement of reagents. In the determination of COs, 
Os, urea, and non-protein N of blood, blanks constant to 0.6 mm. of 
oil have been obtained, and accuracy of 1 part in 200 on 0.1 ce. 
samples of blood (1 micromole of gas) has been realized. 


An Aerometric Method for the Rapid Determination of Alcohol 
in Water and Body Fluids. By R. N. Harcer, E. G. Brip- 
WELL, AND B. B. Raney. From the Department of Biochemistry 
and Pharmacology, Indiana University School of Medicine, 
Indianapolis 
Air is brought to equilibrium with the fluid containing alcohol 

and then analyzed for alcohol content. From this figure, and 

the partition ratio of alcohol between air and the water phase for 
this temperature, one can calculate the concentration of alcohol 
in the water phase. 

Alcohol equilibrium is obtained by forcing the air once through 
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a 2 inch layer of the fluid by means of a fritted glass gas-distributing 
disk. The concentration of alcohol in the air phase is determined 
by passing this air through our sulfuric acid-permanganate rea- 
gent.* The volume necessary to obtain the end-point represents 
a constant weight of alcohol. No thermostat is needed, as the 
fluid temperature is near that of the room and the entire operation 
requires only about 2 minutes. The fluid temperature must be 
recorded with an accuracy of about 0.1°, since the partition ratio 
of aleohol between the two phases changes about 6 per cent for 
every degree. 

Since the published data on the partition ratio of alcohol be- 
tween air and water are fragmentary and somewhat conflicting, 
we have determined this ratio for temperature intervals of 5° 
ranging from 0-40°. That these figures represent equilibrium was 
shown by employing air with initial alcohol concentrations above, 
and also below, equilibrium values. Similar data were obtained 
for urine and blood. 

Analyses of unknowns showed an average error of +2.4 per cent 
for water solutions and +4.1 per cent for urine solutions of aleohol. 


Evidence of Hyperfunction of the Anterior Pituitary in a Strain 
of Rats. By Ben K. Harnep anp Versa V. Cote. From 
the Laboratory of Pharmacology, Woman’s Medical College of 
Pennsylvania, Philadelphia 
With glucose tests, water consumption and urine excretion per 

gm. of body weight, and rate of growth as criteria, the data demon- 

strate a marked difference between two strains of rats grown in 
our laboratory on the same diet and under the same conditions 
for four to eight generations. 

The stock for Colony A was obtained from the Laboratory of 
Physiological Chemistry at Yale but owing to our breeding policy 
the present colony, possibly, is sufficiently different from the 
parent colony to justify the designation, Woman’s Medical College 
strain. The stock for Colony B was obtained from the Wistar 
Institute and has retained the characteristics of the parent colony. 

Previous reports have shown that a high percentage of the ani- 


* Harger, R. N., Lamb, E. B., and Hulpieu, H. R., J. Am. Med. Assn., 
110, 779 (1938). 
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mals from Colony A give glucose tolerance curves diabetic in type 
and recent data indicate that the low tolerance is an inherited 
characteristic. 

Studies of the water consumption and urine excretion of 94 
unselected rats, paired according to age, from the two colonies 
demonstrate a significantly higher volume of water consumed and 
urine excreted per gm. of body weight by animals from Colony A. 
The urine is sugar-free. 

Growth curves show that the average weaning weight of Colony 
A is 23 per cent greater than that of Colony B and that at 200 
days the difference has increased to 42 per cent. Per cm. of body 
length (nose to anus) the average weight of Colony A exceeds 
that of Colony B by 20 per cent. 


The Effect of Vitamin A and Carotene on Goiter Due to Low 
Iodine Intake. By L. Harris anp Roe E. Reminerton. 
From the Food Research Laboratory, Department of Chemistry, 
Medical College of South Carolina, Charleston 
By the technique developed in this laboratory, wherein the 

degree of hyperplasia induced by an iodine-deficient régime is 

quantitatively established by the measurement of thyroid weight 
in relation to body weight, of the percentage of dry matter, and of 
the iodine content of the thyroid, a study was made of vitamin 

A-iodine metabolism relationships. A rather extensive literature 

exists concerning this subject but the results are, in general, incon- 

clusive and contradictory. 

Young goitrous rats fed a vitamin A-deficient diet developed 
typical symptoms of avitaminosis as soon as did litter mates which 
were receiving the same diet supplemented with the minimal 
amount of iodine to prevent goiter. Furthermore, the survival 
time of goitrous rats was no different from that of rats with normal 
thyroids when the vitamin A-free diet was continued until death. 

The level of vitamin A or of carotene intake has no appreciable 
effect on the production or severity of goiter due to low iodine 
intake. Rats, depleted of vitamin A, were fed 3, 30, and 300 1.v. 
of vitamin A per se (product of molecular distillation) or as 
8-carotene and no differences in the severity of the goiter produced 
under these conditions could be demonstrated. This same experi- 
ment was repeated except that the animals received enough iodine 
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just to prevent goiter. The results show that neither vitamin A 
nor carotene has any influence on the utilization of minimal 
amounts of iodine. 


Hydrolysis of the Conjugated Estrogens of Pregnant Mare Urine. 
By R. D. H. Hearp anp M. Epson. From the Connaught 
Laboratories, University of Toronto, Toronto, Canada 
In order to estimate the total female sex hormone content of 

urine, quantitative conversion of the relatively inactive water- 

soluble conjugated estrogens into the physiologically potent 
ether-soluble free hormones is first necessary. While optimum hy- 
drolysis of the combined forms in human urine is effected by 
autoclaving at pH 1 to 2 for 2 to 4 hours, the application of heat 
to acidified mare urine results in considerable destruction of the 
liberated estrin. The rate and extent of the hydrolysis at room 
temperature of the conjugated estrogens excreted by the mare 
during early, middle, and late pregnancy were therefore ascer- 
tained under different conditions of hydrogen ion concentration. 

Maximum conversion was obtained by allowing urine acidified 

to pH 0.4 to 0.6 (quinhydrone electrode) to stand for at least 
4 weeks. The amount of released estrin increased at an approxi- 
mately linear rate during this period and remained practically 
constant throughout the succeeding 3 weeks. Below pH 0.4, evi- 
dence of destruction of an appreciable quantity of the product 
was observed. Above pH 0.6, hydrolysis was less complete; at 
pH 1.0, the extent of the conversion was only 60 to 75 per cent 
of that at pH 0.4 to 0.6. The same optimum conditions apply 
throughout gestation, regardless of the known variations in the 
relative amounts of the different estrogens excreted. 


Gonadotropic Hormone: Assays of Human Male Urine. By 
Entity J. Heiter, Cart G. anp Evmer L. Sevreinc- 
HAUs. From the Department of Medicine, University of Wis- 
consin, Madison 
By a modification of the Zondek alcohol precipitation method 

for gonadotropic substance, 12 hour night specimens of urine were 

extracted and assayed by the immature rat uterus method. 

A series of forty normal men ranging in age from 20 years to 85 

years has been studied. From 100 cc. to 400 cc. equivalents of 
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the original urine were necessary to cause uterine weight increase 
inarat. Gonadotropic activity was found in the urines of all nor- 
mal male subjects. No consistent increase in potency with 
increase in age could be demonstrated. When assays of male 
urine are compared with similar assays performed on urines from 
normal women and from women during menopause, several 
striking differences between the excretion of gonadotropic hor- 
mones in the male and in the female become apparent. (a) Uri- 
nary excretion by the males is more variable. (6) The normal 
male excretes gonadotropic hormone at a higher level than the 
normal female except during the intermenstrual rise. (c) The 
rapid rise and great increase in potency of the urine in the female 
at the menopause is not duplicated in the male with advance in 
years. (d) At no age period do the males excrete amounts of 
hormone comparable to that found in menopausal or postmeno- 
pausal women. Men with involutional symptoms tend to show 
higher urinary potency than normal males. 


Purification of Renin. By O. M. Heimer anv Irvine H. Pace. 
From the Lilly Laboratory for Clinical Research, Indianapolis City 
Hospital, Indianapolis 
In view of the renewed interest in renin as the possible effective 

substance responsible for hypertension of renal ischemic origin, 

it seemed desirable to attempt purification of the relatively impure 
extracts which have been employed for studying the physiological 
properties of the pressor substance. 

Finely ground pig kidney cortex is extracted with acetone, 
washed with ether, dried, and powdered. A NaCl solution of 
the powder is freed from the bulk of the inactive protein by an 
isoelectric precipitation. Another inactive protein fraction is 
removed at 1 M potassium phosphate concentration at pH 6.5. 
The active pressor substance is precipitated between 1 M and 2M 
potassium phosphate concentration at pH 6.5. This highly active 
fraction is further purified by precipitating 90 per cent of the 
protein nitrogen and practically all of the pigment by adjusting 
to a concentration of 5 per cent acetic acid and 5 per cent NaCl 
and dialyzing against distilled water. From this water-clear solu- 
tion strongly pressor reineckates and picrates can be prepared. 
Ammonium sulfate concentration of 40 per cent at pH 3 to 4 and 
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sodium chloride at full saturation at the same pH will also precipi- 
tate active pressor substance. The latter material will cause a 
rise in blood pressure of 30 mm. or more in cats in quantities 
of 0.009 mg. of nitrogen per kilo of body weight. Renin has the 
physical and chemical properties of a protein. 


The Acid Sensitivity of Cystine Peptides and Anhydrides. By 
W. C. Hess anp M. X. Sutiivan. From the Chemo-Medical 
Research Institute, Georgetown University, Washington 
In work with crystalline insulin it was found that certain sam- 

ples of insulin yielded smaller amounts of cystine when hydrolyzed 
with HCl alone than when hydrolyzed with a mixture of HCl and 
HCOOH.* The cystine content of other proteins showed prac- 
tically no difference between the two types of hydrolysis. This 
suggested the possibility that the cystine linkage in insulin was 
of a different character than in other proteins. Accordingly vari- 
ous cystine peptides such as diglycylcystine, cystinyldiglycine, 
cystinylcystine, and cystinyldiglutamic acid were hydrolyzed with 
both HCl and HCI-HCOOH. Both types of hydrolysis yielded 
the theoretical amount of cystine. On the other hand the anhy- 
dride of cystinyldiglycine gave a lower value with the HCl hydroly- 
sis than it did with the HCI-HCOOH. The work is being con- 
tinued with other cystine derivatives and anhydrides thereof. 


The Nature of Vitamin A in Fish Liver Oils, and the Need for a 
New International Standard. By K. Hickman. From the 
Distillation Products Corporation, Rochester, New York 
In attempting to fix a standard factor for converting extinction 

coefficients of vitamin A preparations into biological units, it has 

hitherto been assumed that all such preparations, if adequately 
assayed, would show the same factor. The authors now find 
that the esters of vitamin A have a different factor from the free 
vitamin and that each preparation of vitamin A has a character- 
istic factor which depends on the state of combination of the 
vitamin, the nature of the solvent, the presence of anti- or syn- 
ergistic substances, and the kind of diet on which the test animals 
were depleted. The evidence, which does not preclude the possi- 


* Miller, G. L., and du Vigneaud, V., J. Biol. Chem., 118, 101 (1937). 
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bility of other growth-promoting substances in addition to vita- 
min A, is gathered chiefly from experiments in molecular distilla- 
tion. The distilled esters have a factor as great as the vitamin 
in the crude oils; saponified concentrates always have a smaller 
factor, which sometimes may be less than half. Liver oils from 
the cod family have a higher factor of international units to ester 
than oils from most other species. 


The Cause of the Fall in Body Temperature of “Immobilized”’ Rats 
Exposed to Low Environmental Temperatures. By RosBert 
M. Hitt anp Frep Scuurtz. From the Department of 
Biochemistry, University of Colorado Medical School and Hos- 
pitals, Denver 
Hamilton observed that, when rats are closely confined, the 

body temperature falls on exposure of the animals to low envi- 

ronmental temperatures. He believed this fall to be an effect of 
immobilization. 

In our experiments rats, exposed in the cold room (2-6°) in small 
individual wire cages, were quiet and showed no tendency to 
lowered body temperatures unless the cage was tight enough to 
impede the animal’s breathing. In the tight cages, where the ani- 
mals usually struggled, there was a rapid fall in body temperature 
to 15-20°. 

These experiments were repeated with animals “immobilized’”’ 
by being strapped to wooden splints with adhesive tape. ‘“Immo- 
bilized” animals with the breathing impeded as little as possible 
showed falls in body temperature of 3-5° in 4 to 6 hours. When 
a single 1 inch tape was placed about the thorax, the body tem- 
perature fell to 15-20°, sometimes in less than 1 hour. The ani- 
mals without the thorax strap were much more quiet and showed 
much less fall in body temperature than those with the tho- 
rax strap. 

Gellhorn has shown that decreased O2 tension and increased 
CO, tension in the inspired air will cause a lowered body tempera- 
ture in rats exposed to low environmental temperatures. We 
believe that lowered O, tension and increased CO, tension in the 
tissues due to interference with breathing is the cause of the failure 
of our animals to maintain normal body temperatures when 
exposed to a cold environment and that immobilization is not a 
factor. 
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The Hydrolysis of Adenosinetriphosphate by Bone and Venom 
Phosphatases. By Grorce H. Hircuincs anp Henry 
Futter. From the School of Public Health, Harvard Uni- 
versity, Boston 
Adenosinetriphosphate is hydrolyzed by bone phosphatase into 

equimolar quantities of adenosine, pyrophosphate, and inorganic 

phosphate, and not, as Barrenscheen* supposed, into adenosinedi- 
phosphate and orthophosphate. Venoms from snakes of the genus 

Crotalus catalyze the same reaction, but show relatively greater 

activity. This enzymatic reaction has been studied in some 

detail. The significance of the findings as related to the structure 
of polyphosphonucleotides will be discussed. 


Solubility Studies on the Calcium Phosphates. By Haroip 
CARPENTER HopGe. From the Department of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, The Uni- 
versity of Rochester, Rochester, New York 
Titrations at 37° were carried out by the addition of Ca(OH). 

to H;PO, and vice versa, with amounts of each sufficient to space 

the systems along the titration curve from pH 6 to 11. The 
systems were shaken at 37° for about 6 weeks, and precipitates 
and filtrates obtained and analyzed chemically and by x-ray 
diffraction patterns. The final pH depended, for a given initial 
pH, on the amount of precipitate present. Evidence was obtained 
for the existence of a portion of the CaO-P,0;-H,0 system arising 
from hydroxyapatite. Solubility products were calculated. The 

effect of mode of precipitation appears in the phase diagram in a 

manner consonant with previous theories concerning the nature 

of hydroxyapatite precipitates. 


Further Studies of the Posthemolytic Residue of Erythrocytes. 
On the Chemical Composition of the Stroma of Erythrocytes in 
Pathological Conditions, with Special Attention to Polycythemia 
in Man. By Ouive D. HorrmMan Exvior F. Beacu. From 
the Research Laboratory of the Children’s Fund of Michigan, 
Detroit 
Posthemolytic residues have been prepared according to the 

previously published method from the erythrocytes (1) of humans 


* Barrenscheen, H. K., and Jachimowicz, T., Biochem Z., 292, 350 (1937). 
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with polycythemia, (2) of dogs with N-propyl disulfide anemia, 
(3) of horses donating tetanus antitoxin, and (4) of horses donating 
diphtheria antitoxin. 

The protein preparations after lipid extraction were analyzed 
according to the method of Block for the basic amino acids and 
by the method of Folin and Ciocalteu for tyrosine and tryptophane. 

In polycythemia cases (controlled by bleeding) the per cent 
composition of arginine (4.21 to 4.79), lysine (3.26 to 3.91), 
tyrosine (2.54 to 2.98), and tryptophane (1.12 to 1.31) does not 
vary greatly from the normal, but tends to be low. Histidine was 
found to be low in preparations containing smaller amounts 
of total nitrogen. Protein represents approximately 71 per cent 
of the posthemolytic residue and lipid values account for 18.3 per 
cent. Of the total nitrogen, arginine accounts for approximately 
12 per cent, histidine for 3 per cent, lysine for 5 per cent, tyrosine 
for less than 2 per cent, and tryptophane over 1 per cent. Thus 
approximately 23 per cent of the nitrogen has been accounted for. 

Amino acid values of posthemolytic residue of anemic dogs were 
normal with the exception of histidine content, which was in- 
creased. All lipid fractions studied were markedly decreased 
except sphingomyelin. Erythrocyte stroma of horses donating 
tetanus and diphtheria antitoxin gave approximately normal 
amino acid values, although there was a decrease in arginine. 

The lipid and mineral distribution relationships of the bloods 
will be discussed. 


Anemia in Chicks Due to Vitamin Deficiency. By ALserr G. 
HoGan anv E. M. Parrorr. From the Laboratory of Agri- 
cultural Chemistry, University of Missouri, Columbia 
Chicks have been reared, with a variable degree of success, on 

simplified rations which contained the following vitamin carriers: 

cod liver oil 2, wheat germ oil 4, acid-hydrolyzed yeast 4, ether 
extract of egg yolk 2, tikitiki 1, water extract of liver 4. The 
numerals are parts per 100. When an alcohol extract of liver was 
substituted for the water extract the growth rate was subnormal 
and in 4 to 5 weeks the chicks became anemic. In recent studies 
the amount of the liver extract has been changed to 2 per cent, 

because when the quantity is reduced the anemia develops in a 

shorter time and more uniformly. If curative measures are not 
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applied, the red cell counts continue to fall and the mortality is 
100 per cent. The anemia is of the macrocytic, hyperchromic 
type, and the erythrocytes have increased resistance to hemolysis 
in hypotonic sodium chloride solution. The coagulation time of 
the blood is normal. The failure to maintain a normal red cell 
count is not caused by a subnormal food consumption. It is due 
to a vitamin deficiency, but the evidence indicates that it is not 
prevented or cured by any known vitamin previously described. 


Errors in the Dilution Indicator Technique of Gastric Analysis.* 
By FRANKLIN HOLLANDER AND JosEPH BaNpeEs. From the 
Laboratories of the Mount Sinai Hospital, New York 
In the dilution indicator technique for gastric analysis, some 

substance capable of quantitative determination is included in 

the test meal for the purpose of determining the proportions of 
test meal and mixed digestive secretion in a sample of gastric 
contents. By means of these proportions, the observed acid and 
chloride concentrations can be corrected to yield the corresponding 
values for the undiluted secretion. With phenol red as indicator 
in an alcohol test meal on three dogs which had not been operated 
upon, it was observed that the corrected chloride concentrations 
were often considerably greater than 165 mm (the value corre- 
sponding to an approximately isotonic solution of NaCl) and some- 
times more than twice this value. Acidities behaved similarly, 
but much less frequently. These widely aberrant results may be 
ascribed to (1) the occurrence of an excessively hypertonic secre- 
tion, which is improbable, or (2) gastric absorption of a small 
volume of water and alcohol, with arithmetical magnification of 
its influence by the procedure employed in calculating the cor- 
rected concentrations. In experiments with isotonic saline and 
phenol red as a test meal, with correction for its own chloride 
content, such excessively hypertonic values were almost never 
observed; this supports the second explanation. Smaller fluctua- 
tions of the corrected chloride concentrations around 165 mM are 
ascribed in part to the admixture of non-acid secretion of lower 
chloride concentration and in part to a second source of error, 
which arises by arithmetical magnification of the small error in 


* Supported in part by a grant from the Friedsam Foundation. 
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the phenol red determination. Failure to consider these sources 
of error in experiments like the foregoing may lead to erroneous 
interpretations. 


The Progressive Attenuation of Insulin by Interfacial Adsorption. 
By J. M. Jonuim. From the Department of Biochemistry, 
Vanderbilt University School of Medicine, Nashville 
When aqueous solutions of crystalline insulin are subjected to 

the catalytic action of surface concentration and orientation by 

emulsification with chloroform for a period of 6 to 8 hours, prac- 
tically all of the insulin is converted into an insoluble birefringent 
product whose physiological behavior is similar to that of other 
insoluble insulin products, such as protamine insulin. This modi- 
fied form of insulin remains insoluble at a pH around 2.5, at which 
insulin solutions are usually prepared. Insulin, similarly treated 
for a period of 4 hours or less, exhibits the physical properties and 
physiological behavior of untreated insulin; when treated for 
longer periods of time than 8 hours, its insulin activity is gradually 
diminished as the time of treatment grows longer. Commercial 
insulin is not as readily attenuated as crystalline insulin. Data 
were obtained on the basis of several hundred individual experi- 
ments in which various insulin fractions were injected into stand- 
ardized rabbits and blood sugar determinations made at repeated 
intervals following. The insulin distribution among different 
fractions was determined by nitrogen determinations. Insulin 
solutions used for treatment were prepared at pH 2.2 to 2.5 with 
saline which was either acidified with HCl or adjusted with 
0.02 m Mellvaine’s buffer. 


Lactic Acid As a Component of the Physicochemical System of 
Human Blood. By R. E. Jounson anp J. W. Witson. From 
the Fatigue Laboratory, Morgan Hall, Harvard University, 
Boston 
Lactic acid in the blood may become a quantitatively important 

component after severe exercise. When blood is equilibrated and 

analyzed by the techniques of L. J. Henderson and his associates, 
and lactic acid is estimated as well as the usual eight components 

(H,O, HCl, cell protein, plasma protein, cell base, plasma base, 

CO,, and O03), lactic acid conforms to the “law of the blood” as 
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formulated by Henderson. The Donnan ratios for chloride and 
lactate are of the same order of magnitude, and show similar 
changes with changing pO, and pCO,. 

If the rates of diffusion of lactate and chloride from plasma into 
red cells are studied at different temperatures by mixing plasma of 
high lactate or chloride content with red cells of low lactate or 
chloride content, and by drawing off samples at intervals, the 
rate of diffusion of chloride is too high to be measured by this 
technique, but the rate of diffusion of lactate is slow enough to be 
measured. At 0° almost no lactate enters the cells in an hour, 
and several minutes are required for attaining an equilibrium 
at 37°. In vivo the rate of diffusion is approximately the same 
as it is in freshly drawn blood in vitro at the same temperature. 
This can be demonstrated by drawing blood samples at short 
intervals after a brief bout of severe exercise. 


The Effect of Storage on the Proteins of Seeds and Their Flours. 
Soy Beans and Wheat. By D. Breese Jones aNp CHARLES 
E. F. Gersporrr. From the Protein and Nutrition Research 
Division, Bureau of Chemistry and Soils, United States Depart- 
ment of Agriculture, Washington 
Marked changes occur in the proteins of seeds on storage or 

aging, the extent varying with the kind of seed and conditions of 

storage. Although occurring much more rapidly in flours or 
meals, these changes also take place in the unground seeds. 

Defatted soy bean meal stored for 1 year in bags at 24.4° 
decreased 18 per cent in the amount of nitrogen extractable by 
10 per cent NaCl solution, 21 per cent in digestibility, and nearly 
12 per cent in true protein value. Materially lower percentage 
changes occurred at —1.1°. 

Denaturation of the proteins of wheat and of wheat flours 
occurred to a much larger extent and more rapidly than that of 
the soy bean proteins. After 1 month’s storage in sealed jars at 
24.4°, the nitrogen extractable from white flour by 3 per cent 
NaCl had decreased 43 per cent. At the end of 1 year, the per- 
centage had dropped to approximately 50 per cent. Large de- 
creases in the amount of nitrogen extractable with 70 per cent 
alcohol and Na salicylate also occurred, with similar changes 
occurring in whole wheat flour. Indications of extensive proteoly- 


] Scientific Proceedings. XXXIII 


sis in the wheat flours were shown by increased values in amino 
nitrogen and decreases in true protein values and in nitrogen 
precipitable by trichloroacetic acid. 

Changes also occurred in the whole, unground wheat kernels. 
After storage in jars at 24.4° for 9 months, the percentages of 
nitrogen extractable by NaCl, alcohol, and sodium salicylate had 
decreased 26, 18, and 9 per cent, respectively. Considerable 
proteolysis had also occurred. 


Sulfanilamide Metabolism in Cystinuria. By Brarrice Kas- 
SELL, LEONARD PEARLSTEIN, ERWIN BRAND, AND GEORGE 
F. Canttt. From the Departments of Biological Chemistry and 
of Urology, College of Physicians and Surgeons, Columbia 
University, New York 
To determine the effect of sulfanilamide on protein and sulfur 

metabolism, and to investigate the fate of the sulfur of sulfanil- 

amide, 8 gm. were fed to cystinuric patient A over a3 day period 

(2, 2, and 4 gm.). The patient was maintained on a constant 

weighed diet. Free and acetyl sulfanilamide was determined by 

Marshall’s* revised method, total sulfur by Rutenber and An- 

drews’t procedure, and other urinary constituents as previously 

described. 

During and after the administration of the drug, there was no 
change in the blood picture. There was some toxic action, indi- 
cated by subjective complaints and by a stimulation of nitrogen 
metabolism, resulting in an increased excretion of total nitrogen. 
Creatinine and creatine excretion were constant throughout the 
experiment. 

The excretion of cystine and of inorganic and ethereal sulfates 
remained at the control levels, indicating that sulfanilamide had 
no influence on sulfur metabolism. The extra neutral sulfur 
excreted exactly balanced the sulfanilamide fed: 39 per cent was 
free sulfanilamide, 52 per cent acetyl sulfanilamide, and 9 per cent 
(excreted during the feeding period) an unknown sulfur compound. 

Within 48 hours of the last dose of sulfanilamide, 83 per cent 
had been eliminated, but the remainder was excreted very gradu- 


* Marshall, E. K., Jr., and Litchfield, J. T., Jr., Science, 88, 86 (1938). 
+ Rutenber, C. B., and Andrews, J. C., J. Biol. Chem., 120, 203 (1937). 
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ally over a period of 7 days. The proportion of free to acetyl 
sulfanilamide excreted was much greater during feeding than in 
the after period. This finding suggests storage of sulfanilamide 
in some combination from which it is liberated slowly and excreted 
as the acetyl compound. 


A Quantitative Study of the Effect of Compounds with Cortin- 
Like Activity. By Epwarp C. Kenpati. From the Division 
of Biochemistry, The Mayo Foundation, Rochester, Minnesota 
A quantitative investigation of the physiological activity of 

extracts and crystalline compounds separated from the adrenal 

cortex has been made on adrenalectomized dogs. Compound B 

(corticosterone) has been used as the reference compound. The 

minimal amount injected daily which is sufficient to maintain a 

normal condition of the animal with a blood urea between 45 and 

55 mg. per cent is considered the requirement for each adrenalec- 

tomized dog. For satisfactory results a uniform diet low in 

potassium and sodium and high in vitamin B, content is necessary. 

The daily requirement of Compound B for a series of dogs varied 

between 1 and 3 mg. The requirement per kilo of body weight 

varied between 0.06 and 0.18 mg. Desoxycorticosterone was 
from 6 to 10 times more active and desoxycorticosterone acetate 
was from 15 to 20 times more active than Compound B. The 
most active amorphous fraction separated from the gland was 

about 40 times more active than Compound B. 

The highly toxic nature of compounds with cortin-like activity 
can be demonstrated on rats only when there is a deficiency of 
insulin. In this condition the active extract produces a marked 
glycosuria and a negative balance in potassium and death may 
follow within 12 days the daily oral administration of the extract 
prepared from 750 gm. of adrenal glands. 


Cardiac Output As Measured by Roentgenkymography. By 
AnceL Keys anp H. L. From the Departments 
of Physiology and Radiology, University of Minnesota Medical 
School, Minneapolis 
With the roentgenkymograph, equipped with a moving film 

and a stationary lead grid, the systolic and diastolic projections 

of the heart are traced on the x-ray film. The frontal projection 
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made with a 2.5 second exposure from 6 feet, suitably corrected 
for distortion by lateral plates, gives an area measurement that 
is repeatable within a deviation of less than 1 per cent. From 
comparison of direct and x-ray measurements on cadavers of 
adults, the corrected frontal projection on the x-ray plate is related 
to the heart volume by the equation, volume (in cc.) = 0.63 X 
(area in sq. em.)'. Applicability of this kind of equation to 
the measurement of cardiac output was proved in roentgenkymo- 
graphs made on dog heart-lung preparations. In twelve series of 
experiments on trained human subjects roentgenkymographs were 
made immediately before and after cardiac output measurement 
by the acetylene method. The results fit the equation, diastolic 
volume minus systolic volume = 0.99 X acetylene stroke output. 
The average discrepancy was +3.5 per cent and the maximum 
error, with the acetylene result as standard, was — 6.8 per cent. 
The effects of coronary and pulmonary circulations are balanced 
by phase differences between contractions of the chambers and the 
particular components recorded in the frontal position. Values 
obtained for the cardiac output by roentgenkymography alone on 
several hundred resting normal subjects are very similar to those 
reported in the literature for the acetylene method with com- 
parable subjects and conditions. In mitral insufficiency or aortic 
regurgitation, comparison of the two methods gives a quantitative 
measure of the mechanical inefficiency of the heart. The roent- 
genkymographic method may be applied to persons who are 
untrained or incapable of cooperation. 


The Importance of Riboflavin and Ascorbic Acid in the Utilization 
of Vitamin A. By Marran 8S. Kimsie Epaar 8. Gorpon. 
From the Department of Medicine, University of Wisconsin, 
Madison 
Individuals who show low normal or pathologically deficient 

biophotometer readings, and low blood vitamin A levels, can usu- 

ally be restored to the normal range by the administration of 
vitamin A concentrates. The rather common occurrence of 
failure to improve biophotometer performance and blood vitamin 
levels by this means, however, has led to the belief that this 
instrument measures only one function of vitamin A, and that 
other unknown factors are involved in the utilization of the 
vitamin for the synthesis of visual purple. Both riboflavin and 
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ascorbic acid have been suggested as these extra factors. Several 
otherwise normal individuals with low biophotometer readings and 
low blood levels were given pure riboflavin, 1 mg. daily, along with 
200,000 units of vitamin A daily, after having gone through a con- 
trol period of 2 months on the haliver oil alone. The combination 
immediately restored the biophotometer readings and blood to 
normal, when the vitamin A alone had failed to do so. In some 
other individuals in whom riboflavin failed to produce this result, 
ascorbic acid caused satisfactory improvement. 


The Determination of Added Maltose in the Presence of Glucose 

in Blood, Tissue, and Urine. By A.trrep FE. Koerner, 

NorMAN Marsh, AND From the Santa Barbara 

Cottage Hospital and the Sansum Clinic, Santa Barbara 

The principle of the method is based on the relatively low 
concentration and instability of maltase in bakers’ yeast (Sac- 
charomyces cerevisiz, Fleischmann) as compared with its glycolytic 
activity. 

If thoroughly washed yeast is aged in the refrigerator for 4 
or 5 days and again thoroughly washed, it has lost nearly com- 
pletely its ability to ferment any appreciable amount of maltose 
at 37.5° in 10 minutes, while its ability to ferment glucose is 
still very good. 

The usual procedure for yeast fermentation is followed with 
the specially prepared yeast, except that fermentation is carried 
on at 37.5° for exactly 10 minutes. For blood the Folin-Wu 
method of precipitation is used. The fermentable sugar is 
calculated as glucose and the non-fermentable as maltose is 
calculated against a maltose standard. 

Maltose added to whole blood or urine can be recovered to the 
extent of about 98 per cent even from diabetic blood with high 
glucose content. In a large number and great variety of cases 
no evidence has been obtained to indicate the presence in blood 
or urine of a coenzyme that would increase maltase activity in 
the specially prepared yeast. 

Different preparations of yeast vary in their maltase activity 
and after washing and aging it should be tested to see that it 
will not appreciably split maltose and that its glycolytic action 
is unimpaired. 

This method is of course not specific for maltose but includes 
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all non-fermentable substances. It has value, however, in 
maltose tolerance tests, in which only maltose is added, in demon- 
strating the absence of maltose and in studying the glucose- 
maltose-glycogen cycle. 


Maltose Utilization in Diabetes Mellitus. By Atrrep E. 
KoesLer, EMANvEL Winpsor, AND Hitt. From the 
Department of Medicine of the Santa Barbara Cottage Hospital, 
the Santa Barbara General Hospital, and the Sansum Clinic, 
Santa Barbara 
These studies depend upon a modified fermentation method for 

the determination of maltose in the presence of glucose in bio- 

logical material. 

In macerated liver at 37.5° glycogen disappears rapidly, forming 
maltose; the latter then changes more slowly to glucose. 

The comparative utilization of glucose and maltose was studied 
in diabetic and non-diabetic subjects by intravenous glucose 
and maltose tolerance tests, 100 gm. of each sugar being given 
with a constant rate pump over a period of 2 hours. 

In eight cases of mild to moderately severe ‘liabetes maltose 
was utilized better than glucose. In ten non-diabetic subjects 
having normal glucose tolerance curves, maltose was utilized as 
well as or not as well as glucose so far as blood rise and urinary 
excretion were concerned. 

In eight cases of diabetes the average blood maltose level 
during and after injection was slightly lower than the average 
for the non-diabetic group. As compared with the control group 
the average excretion of urinary maltose in diabetes also in- 
dicated equally good or better utilization of maltose. One case 
of severe insulin-resistant diabetes utilized maltose poorly but 
utilized it better with insulin. 

Insulin (40 to 50 units) administered before or during maltose 
injection has little effect on the blood maltose level or urinary 
excretion. In some cases insulin actually increases the blood 
maltose level and increases urinary excretion. 

From these studies a theory is presented that the difficulty in 
certain cases of diabetes lies at least in part in the conversion of 
glucose to maltose and that insulin plays a réle in this step. 
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The Grass Juice Factor. By G. O. Konuer, 8. B. Ranp ie, 
AND J. R. Wacner. From the Department of Biochemistry, 
College of Agriculture, University of Wisconsin, Madison 
Further studies have been made on the “grass juice factor,”’ 

a relatively labile vitamin necessary for the normal growth of 

rats and guinea pigs. The latter were used as assay animals 

for fractionation studies. The basal deficient ration was mineral- 
ized winter milk. 

It was found that the factor was precipitated from grass juice 
by the addition of acetone, and then removed from this pre- 
cipitate by washing with acid acetone. When grass juice was 
shaken with a chloroform-amyl alcohol mixture, the juice proteins 
were removed, leaving the factor in the deproteinated juice. 
When this deproteinated juice was treated with norit, the filtrate 
retained practically all of the activity. 

The grass juice factor was extracted from dehydrated grass 
by acid acetone but not by water, ether, or petroleum ether. 
Continuous peroxide-free ether extractions of neutral or acidified 
concentrates failed to remove the growth factor. 

The most potent concentrates were active at levels of 40 mg. 
per day. This represents a 50-fold concentration. 

Studies were undertaken to produce a dry ration deficient in 
the grass juice factor. The ration finally used had the following 
composition: dextrin 59, casein 18, salts 4, yeast 6, cod liver oil 1, 
lard 12. Each animal received 2 cc. of orange juice daily. Guinea 
pigs on this regimen died in 3 to 10 weeks. When 20 per cent of 
dehydrated grass was included, they grew normally. 

Stomach ulcers were observed in animals on this ration, but 
apparently were not related to grass juice factor deficiency. 


Chemical Studies in Mental Disease. The State of the Serum 
Proteins. By Apert A. Konprirzer. From the Department 
of Chemistry, New York State Psychiatric Institute and Hos- 
pital, New York, and the Neuro-Psychiatric Institute of the 
Hartford Retreat, Hartford 
The use of convulsants in psychotic conditions has led to a 

search for the physiological accompaniment of the psychical 

results obtained. Harris and others have reported alterations 
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in some of the inorganic blood constituents during insulin treat- 
ment. Preliminary to an extensive investigation on the serum 
proteins of psychotic individuals, it was thought advisable to 
investigate the effect of insulin and metrazole administration on 
the state of the serum proteins. 

It has been suggested that there is an albumin-globulin dis- 
equilibrium in the blood of schizophrenic individuals. These 
findings were based upon the conventional methods of pre- 
cipitation of the blood proteins with an arbitrary concentration 
of neutral salt. Perlzweig, Kondritzer, and Bruch showed that 
this method often fails to yield significant results. Cohn’s pro- 
cedure of fractional precipitation with gradually increasing 
amounts of salt is more valuable. The modification of Butler and 
Montgomery’s method with potassium phosphate was used in this - 
study. Serum proteins from patients on insulin and metrazole 
therapy were studied. Blood was obtained immediately before 
injection of the metrazole and just after the conclusion of the 
convulsion. In the case of the insulin patients, blood was removed 
during the comatose state. Sera from normal individuals and 
psychotic patients on “insulin control” were also investigated. 

The data, at present, fail to indicate any apparent deviation 
from the normal in the solubility precipitation pattern of the 
serum proteins of schizophrenic and psychoneurotic patients 
before, during, or after insulin and metrazole treatment. 


Creatine-Creatinine Metabolism and the Hormones. II. Pro- 
gestin and Antuitrin-T. By A. Link Koven ann Howarp 
H. Bearp. From the Department of Biochemistry, School of 
Medicine, Louisiana State University, New Orleans 
In a previous study (Pizzolato and Beard*) it was shown that 

castration of rats of both sexes results in creatinuria. The 

injection of theelin, follutein, testosterone propionate, and anterior 
pituitary hormones (G, T, 8) caused increases in muscle creatine 
in normal animals, which were followed by increases in creatine 
excretion accompanied by decreases in creatinine excretion. The 
creatinuria was more intense in the castrated than in the normal 


animals. 
* Pizzolato, P., and Beard, H. H., Endocrinology, in press. 
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These findings have been further confirmed in the present 
studies. Progestin (commercial and crystalline) and antuitrin-T 
were injected into normal and into castrated rats. Creatinuria 
was more intense in the castrated animals after injection of the 
crystalline progestin than after the injection of the commercial 
variety. The creatinuria after injection of antuitrin-T was 
likewise more intense in the castrated than in the normal animal. 
Neither castration nor the injection of commercial progestin and 
antuitrin-T affected the content of muscle creatine in either the 
normal or the castrated animal. 

Harropt has shown that injection of the sex hormones causes 
an intense retention of Na* in the dog. Our results indicate 
that this retention causes an increase in water retention, which 
in turn favors the hydrolysis of creatinine to creatine. The 
retention of creatinine observed in this study after the injection 
of hormones and the fact that the creatinine — creatine trans- 
formation does not occur in castrated animals furnish further 
support for this view. 


Apparent Dissociation Constants of Thirty Substituted Barbituric 
Acids As a Function of Ionic Strength and Temperature. By 
M. E. Kran. From the Lilly Research Laboratories, Indi- 
anapolis 
In the course of a study of the mechanism of action of pharma- 

cologically active acids and bases, the effects of variation in 

NaCl concentration on the pK’ values of thirty substituted 

barbituric acids have been determined at 25° from glass electrode 

pH measurements. With concentrations of NaCl up to 2 M, 

the relation between the pK’ values of these acids and the ionic 

strength can be approximately expressed by a form of the Debye- 

Hiickel equation. By means of this equation pK values at 25° 

have been calculated for 30 di- and trisubstituted barbituric 

acids; these vary from 7.21 for 5-allyl-5-benzylbarbiturie acid 
up to 8.34 for 5-cyclohexenyl-1,5-dimethylbarbituric acid. 

The effects of variation in temperature on the pK’ and pK 
values of 5-isoamyl-5-ethylbarbituric acid have been determined 


t Harrop, G. A., in Cold Spring Harbor symposia on quantitative 
biology, Cold Spring Harbor, 5, 375 (1937). 
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at temperatures between 15° and 40° and the values of the standard 
free energy change, AF°, at each temperature have been cal- 
culated. For this acid in this temperature range the relation 
between AF®° and temperature is expressed by the usual thermo- 
dynamic equations in which AS°, the standard entropy change, 
has a value of —3.1 calories per degree. 

By means of these experimental data and the equation 


+ 3.1 (7 — To) 
23RT 


— log ya- 


in which the symbols have their usual significance for the absolute 
temperatures 7 and T>, approximate pK’ values of the thirty 
barbituric acids can be calculated for any ionic strength and 
any temperature in the physiological range. 


The Determination of Quinine in Blood. By Granvit C. Kyker 
AND JAMES C. ANDREWs. From the Department of Biological 
Chemistry, School of Medicine, University of North Carolina, 
Chapel Hill 
A study is being made of the quinine content of blood after 

quinine therapy in malaria. Examination of the analytical 

methods available has indicated that precipitation and nephelo- 
metric determination of quinine silicotungstate, as described by 

Vedder and Masen, is preferable. This method has, therefore, 

received further study. 

The acidity of the precipitating medium is the chief factor. 
Vedder and Masen recommend the use of 0.5 m HCl. However, 
a series of determinations on standard aqueous solutions of 
quinine in acidities ranging from 0 to 0.5 m HCl revealed that the 
completeness of precipitation was optimal at 0.03 m HCl. When 
acidity is plotted against apparent quinine concentration, the 
resulting curve rises sharply with acidity from 0 to 0.03 m HCl, 
and thence drops rapidly to 0.1m. From 0.1 to 0.5 m the apparent 
recovery of quinine is approximately equal to that obtained in 
the absence of acid, and the sharp rise and fall exist entirely 
between 0 and 0.1 m. 

The increase in sensitivity at the optimal acidity is approxi- 
mately 60 per cent over that obtained with 0.5 m HCl. As 


x 
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modified, as little as 1 mg. of quinine per liter in aqueous solutions 
can be determined by the method. We could not obtain this 
degree of sensitivity with the unmodified method. 

Smoother and more quantitative performance is obtained in 
removing the quinine from the sample by modifying the apparatus 
for continuous ether extraction. 

The application of this modified procedure to the determination 
of quinine in blood is now in progress. 


The Basal Metabolic Rate of the Eskimo. By Victor E. Levine. 
From the Department of Biological Chemistry and Nutrition, 
Creighton University School of Medicine, Omaha 
Our previous report indicated that the basal metabolic rate of 

the Eskimo may well conform to standards in the temperate zone. 

Heinbecker and Rabinowitch found the rate to range from 

+26 to +33. 

During our last sojourn in the Arctic from August, 1937, to 
August, 1938, made possible by a generous grant from the United 
States Public Health Service, we determined under more favorable 
and more ideal conditions the basal metabolic rate of eleven 
male and twelve Eskimo females at Point Barrow; the subjects 
were 11 to 46 years of age; six were one-eighth to one-fourth White. 
We secured sufficient data to judge emotional and physical 
normality. These data comprised complete medical examination, 
including pulse, temperature, blood pressure, a search for focal 
or systemic infection, urine analysis, erythrocyte count and 
hemoglobin determination to rule out anemia or polycythemia, 
leucocyte and differential count, tuberculin test, and x-ray of 
the chest. Emotional states, such as fear, anxiety, or appre- 
hension, were minimized by personal acquaintanceship of many 
months duration and by the performance of various biologic 
tests and manipulations (intradermal tests, venipuncture, etc.). 

Eighteen Eskimos gave normal rates, while one male and four 
females gave high rates. The results obtained under more 
ideal conditions confirm the previous finding that the basal 
metabolic rate of the Eskimo may be within the normal limits 
accepted in the temperate zone, and bears no relationship to 
race or climate. 
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Urinary Excretion of Vitamin C. By Hrersert LoNGENECKER, 
R. R. Musvutiy, anp C. G. Kine. From the Department of 
Chemistry, University of Pittsburgh, Pittsburgh 
The urinary excretion of vitamin C by rats varies greatly 

with different vitamin C-free rations. The primary cause of 

variation was located in the unsaponifiable matter of the diets. 

Chemical examination of these lipids led to the study of cyclic 

compounds of the terpene and sesquiterpene series. 

Many compounds, e.g. carvone, isophorone, menthol, iso- 
borneol, nerolidol, thujone, camphor, etc., when fed in doses 
of 10 to 100 mg., raise the level of vitamin C excretion from 
approximately 0.3 mg. per day on a milk diet to values varying 
from 2.0 to 17.0 mg. Feeding pure ascorbic acid in doses as 
high as 100 mg. produced excretions of only 5 to 7 mg. The 
presence of vitamin C in the urines was confirmed by guinea 
pig assays, the test levels being based upon titration values. 

Cyclic and branched chain aldehydes, ketones, alcohols, and 
related substances have been studied previously in relation to 
glucuronic acid detoxication in dogs, rabbits, and man. Ap- 
parently no records of detailed feeding experiments and urine 
examinations with rats have been published. We have studied 
the possibility of conjugation with the vitamin and have re- 
examined the effect of feeding similar compounds to the rabbit 
and dog. No increase of vitamin excretion was observed in 
rabbits after menthol feeding but a definite rise was obtained 
in the dog. 

The possibility that such compounds may serve as vitamin 
precursors in the rat and the possible function of vitamin C as a 
detoxicating agent will be discussed. 


The Determination of Globulin and Albumin in Blood Serum 
by the Photoelectric Colorimeter. By Josern M. Looney. 
From the Memorial Foundation for Neuro-Endocrine Research, 
Worcester State Hospital, Worcester 
The method of Looney and Walsh* for the determination of 

spinal fluid protein has been adapted to the estimation of globulin 

and albumin in 1 ce. of blood serum. For the globulin deter- 


* Looney, J. M., and Walsh, A. I., J. Biol. Chem., 127, 117 (1939). 
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mination 1 cc. of blood serum is diluted to 10 ce. with 1 per cent 
salt solution and 1 cc. of this solution is mixed with 2 cc. of 2 
per cent gum ghatti and 3 cc. of saturated ammonium sulfate. 
The resulting turbid solution is read in the photoelectric col- 
orimeter and the amount of globulin estimated by comparison 
with a standard curve obtained from different dilutions of a 
solution of serum globulin of known concentration. 

A solution containing 1 per cent of serum in 1 per cent salt 
solution is prepared by diluting the first serum mixture again 
in the proportion of 1:10. The total protein is determined by 
mixing 2 cc. of this solution with 0.5 cc. of 2 per cent gum ghatti 
and 2.5 ec. of 5 per cent sulfosalicylic acid. The turbid solution 
is read in the photoelectric colorimeter and the concentration of 
protein obtained by comparison with a standard curve prepared 
by treating dilutions of blood serum of known concentration in a 
similar manner. The albumin is estimated by the difference 
between the two values. 

It is necessary to wait until the mixtures become completely 
free from fine bubbles before reading. The turbid solutions are 
very stable and show no evidence of settling out up to 96 hours. 


The Diffusion Constants and Approximate Molecular Weights 
of Tobacco Mosaic Virus Nucleic Acid and Yeast Nucleic Acid. 
By Husert 8. Lorinc. From the Department of Animal and 
Plant Pathology of The Rockefeller Institute for Medical Re- 
search, Princeton 
The diffusion constants of tobacco mosaic virus nucleic acid 

and yeast nucleic acid were determined in 0.4 m borate buffer at 

pH 7.7 by the method of Northrop and Anson. Values for D 

of 0.10 sq. cm. per day and 0.13 sq. em. per day, respectively, 

were obtained. The calculation of molecular weights from these 
results by means of Einstein’s equation, D = RT/N6zxry 
gave values of 37,000 for the virus nucleic acid and 17,000 for 
yeast nucleic acid. In the case of yeast nucleic acid, examination 

of the material remaining in the diffusion cell after about 20 

per cent of the nucleic acid had diffused showed the presence of 

a more slowly diffusing component with D of 0.11 sq. em. per 

day. If the tetranucleotide structure generally accepted for 

pentose nucleic acid be assumed to represent only the basic 
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structure, these results indicate that tobacco mosaic virus nucleic 
acid is made up of about twenty-nine and yeast nucleic acid of 
from fourteen to twenty-two tetranucleotide units. Whereas it 
has been generally assumed that pentose nucleic acids from 
different plant sources are identical, these results indicate that 
in these two cases they are different. 


Factors Affecting the Distribution of Salts and Water in Muscle. 
By Outver H. Lowry. From the Department of Biological 
Chemistry, Harvard Medical School, Boston 
Rat muscle has been equilibrated anaerobically with balanced 

salt solutions at 0°, 6°, and 36°. The rate of exchange between 

the tissue and the solution of H,O, Na, K, and Cl has been studied. 

The results have been compared with those from heated controls 

equilibrated at the same temperature. The rate at which equi- 

librium was reached was much slower for the normal muscle 
than for the controls, and slower at the lower than at the higher 
temperatures. 

The significance of those results for the interpretation of 
analytical data in terms of the extra- and intracellular phases of 
muscle will be discussed. 


The Effect of Partial Hepatectomy on the Liver Lipids. By 
SrerpHan Lupewic. From the Biochemical Laboratory, Uni- 
versity of Virginia, University 
Following partial hepatectomy (70 per cent removal), the lipid 

chemistry of the rat liver was studied at frequent intervals. 
At the end of 24 hours, the total fatty acid, the phospholipid 
fatty acid, and cholesterol concentrations increased markedly. 
On the 2nd day, the concentration of the total fatty acids and 
phospholipid fatty acids decreased slightly but the cholesterol 
concentration remained high. Mitotic activity is most marked 
on the 3rd day and was accompanied only by a decrease in the 
total fatty acids. After this time, all constituents studied 
decreased somewhat but did not reach the control levels on the 
7th day. The iodine number of the total fatty acids was un- 
changed but there was a gradual increase in this value for the 
phospholipid fatty acids. 


Oxidations Produced by the Kidney in Experimental Nephritis. 
By Cart M. Lyman anv E. 8. Guzman Barron. From the 
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Lasker Foundation for Medical Research and the Department of 

Medicine of the University of Chicago, Chicago 

The kidney draws from oxidative processes the energy neces- 
sary for the performance of its manifold activities. When its 
functions are impaired (as in nephritis), there may be produced 
alterations of the oxidative processes which in turn may further 
impair the ability of the kidney to perform work. The cells of 
the tubules, because they take part in the important functions 
of secretion and absorption, might suffer greater damage in their 
metabolism than those of the other regions of the kidney. The 
rate of oxygen consumption of kidney slices of control rats was 
compared with that of rats poisoned with diethylene glycol 
(which produces acute nephritis with profound damage of the 
tubules). No difference was observed until oxidizable substrates 
were added, whereupon the nephritic kidney showed a marked 
inhibition in the rate of oxidation of these substrates. The 
oxidations of pyruvic acid and choline were inhibited to the 
highest degree (about 91 and 95 per cent respectively). Lactate 
oxidation was inhibited by about 85 per cent; alanine and aspartic 
acid oxidation by 66 per cent; succinic acid oxidation by 43 
per cent. The formation of NH; was also diminished by 32 
per cent. 

The inhibiting effect produced by diethylene glycol seems to 
be due in most cases to its action on the activating proteins 
(dehydrogenases) of these oxidizing enzymes. This opinion is 
supported by studies on the rate of anaerobic oxidation with 
ferricyanide in bicarbonate buffer as the oxidizing agent. Under 
such conditions there will be reduction of ferricyanide only when 
the substrate has been activated by the activating protein of 
the enzymes. In the nephritic kidney the anaerobic oxidation 
of lactic acid was almost nil; the oxidation of choline was in- 
hibited by 25 per cent; the oxidation of succinic acid by 62 per cent. 


Normal Creatine, Phosphorus, and Potassium Content of Human 
Cardiac and Voluntary Muscle.* By GrorGe MANGUN AND 
Victor C. Myers. From the Department of Biochemistry, 
School of Medicine, Western Reserve University, Cleveland 
Most of the values appearing in the literature for creatine, 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 
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phosphorus, and potassium in human cardiac and voluntary 
muscle have been based upon miscellaneous autopsy cases. In the 
course of studies carried out in this laboratory it seemed desirable 
to obtain figures from cases that could be classified as strictly 
normal. A series of cases of sudden death was therefore ob- 
tained within 24 hours post mortem. The creatine, phosphorus, 
and potassium of the pectoralis major ranged in eleven cases 
from 426 to 462 (average 443), 195 to 216 (average 201), and 311 
to 346 (average 328) mg. per 100 gm. of fresh tissue respectively. 
These values, particularly for creatine, are somewhat higher 
than had been anticipated upon the basis of miscellaneous autopsy 
cases. Our previous estimatet of 425 mg. as the probable creatine 
saturation level of voluntary muscle therefore appears to be 
slightly low. Miscellaneous autopsy cases in three separate 
studies from this laboratory have yielded averages very close to 
400 mg. In thirteen cases, the left and right ventricles of the 
heart yielded results within the range anticipated from previous 
studies. The creatine, phosphorus, and potassium ranged from 
186 to 218 (average 203), 180 to 204 (average 194), 251 to 305 
(average 285) mg. per 100 gm. respectively for the left ventricle, 
and 154 to 185 (average 165), 140 to 187 (average 160), and 189 
to 242 (average 219) mg. per 100 gm. respectively for the right 
ventricle. 


Investigations on Surface Tension and Enzyme Activity. By 
T. Ursan Marron Ferrin B. Morevann. From the 
Biochemical Laboratory, State University of Iowa, Iowa City 
The effect of several surface-active agents (methyl, ethyl, 

propyl, butyl, and amyl alcohols; digitonin, saponin, and alphasol 

MA) on the activity of phosphatase, urease, and tyrosinase was 

studied. There was no significant relation between surface 

tension and enzyme activity. 


Blood Iron Studies in the Fetal Guinea Pig. By Morton F. 
Mason. From the Department of Biochemistry, Vanderbilt 
University, School of Medicine, Nashville 
The partition of blood iron in the fetal guinea pig at various 

stages of intrauterine life has been studied in respect to the 


t Linegar, C. R., Frost, T.T., and Myers, V. C., Arch. Int. Med., 61, 430 
(1938). 
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following fractions: total iron, “easily split” iron including 
Fractions E and E’ (Barkan), and total serum iron. The findings 
have been compared with the simultaneously determined values 
in the maternal blood. Observations have also been made 
on the changes in iron stores of the fetal and maternal guinea pig 


during pregnancy. 


Blood Hormone Iodine and Iodide Reserve in Relation to Basal 
Metabolic Rate. By J. F. McCienpon anp Cart O. Rice. 
From the Laboratory of Physiological Chemistry, University of 
Minnesota Medical School, Minneapolis 
Since we observed that 2 grains of desiccated thyroid per day 

did not raise the metabolic rate (statistically) of thyrotoxic 

patients, some chemical means of determining the thyroid hormone 

in the blood seemed desirable. We define the iodine that may be 
extracted with methanol followed by acetone as the iodide reserve 
and the remainder as hormone iodine. Statistically the hormone 
iodine in 5 cc. of blood = 0.01 (xX the basal metabolic rate in 

Calories per sq. m. per hour — 20). The iodide reserve of persons 

not taking iodide medication averages 0.01 X (60 minus the 

Calories per sq. m. per hour); in other words, statistically the 

iodide reserve vanishes when the basal metabolic rate reaches 

about 60 Calories per sq. m. per hour in this region of relatively 
low iodine intake. We believe this is due to two causes; first 
the transformation of some of the iodide reserve into hormone 
iodine, and second the increased sweating and urea formation 
resulting in increased elimination of iodide in sweat and urine. 

It seems probable that the disappearance of the iodide reserve is 

dangerous, although we have not actually determined it in 

patients dying in thyroid crisis. 

The fact that the “hormone iodine” varies directly with the 
basal metabolic rate indicates that it is an actual measure of 
thyroid hormone. Such a demonstration has not been made 
by previous workers. 


Effect of Castration on Blood Androgens. By D. Roy Mc- 
CuLLacH AND Ropert Daovust. From the Department of 
Biochemical Research, Cleveland Clinic, Cleveland 
By the method of McCullagh and Osborn* the androgens in 


* McCullagh, D. R., and Osborn, W. O., J. Biol. Chem., 126, 299 (1938). 
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the blood of castrated and normal rabbits have been studied. 
Approximately 40 cc. of blood were drawn from each animal. The 
androgenic extract of each sample of blood was assayed by use of 
five capons. The extracts from thirteen normal adult male 
animals caused an average comb growth of 3.8 mm. (increase in 
length plus height). Four similar animals were castrated for 
periods varying from 3 to 25 days. Extracts of their blood caused 
growth of only 1.7 mm. The blood from five animals castrated 
from 1 to 5 months caused 4.0 mm. of comb growth, and that 
from nine animals castrated more than 2 years an average growth 
of 3.7 mm. The origin of the androgenic material which appears 
in the blood of castrated rabbits has not been ascertained. The 
atrophic condition of the secondary sex glands of the castrated 
animals indicated that the androgenic material in the blood of 
castrates is in a physiologically inactive form. Activation 
probably occurs as the result of boiling with acid prior to ex- 
traction. It is possible that activation of androgens produced 
elsewhere is a normal function of the testes. 


The Effect of Several B Vitamins and of Choline upon Liver and 
Body Fat. By E. W. McHenry anp Gertrupe GAVIN. 
From the School of Hygiene, University of Toronto, Toronto, 
Canada 
In rats and pigeons fed upon a high carbohydrate, fat-free diet 

thiamine causes an increased amount of fat, principally in the 

liver. The new fat is presumably formed from carbohydrate. 

The amounts of fat in the liver and in the body may be altered 

by various dietary supplements. Riboflavin, as the only sup- 

plement, has no definite effect upon liver or body fat; in con- 
junction with thiamine it causes a further increase in liver fat. 

Adequate amounts of choline, which is as active parenterally 

as by mouth, reduce the liver fat but fail to increase body fat. 

The latter can be increased by supplying a source of vitamin Bs 

(rice polish concentrate). These results have been verified in 

paired feeding experiments. 


Purification of the Choline Esterase of Serum and the Crystal- 
lization of Serum Albumins. By Tuomas L. 
From the Department of Physical Chemistry, Harvard Medical 
School, Boston 
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The presence of choline esterase in serum has been adequately 
demonstrated.* In connection with our studies on the char- 
acterization of the proteins of serum it seemed desirable to con- 
centrate and purify choline esterase. 

Both normal horse serum and antipneumococcus horse serum 
have been fractionated with equal facility. A fraction of the 
serum proteins was first removed at one-third saturation of 
ammonium sulfate, and a second fraction at half saturation of 
ammonium sulfate. These fractions contained very small 
quantities of esterase and could be practically freed therefrom 
by reprecipitation. 

Most of the serum albumin could be crystallized and removed 
by carefully acidifying the filtrate from the globulin fractions 
in the presence of half saturated ammonium sulfate. It was 
found that the albumins could be separated more effectively by 
allowing the ammonium sulfate to diffuse through a rotating 
cellophane membrane. By this procedure choline esterase has 
been purified so that its activity is about 100 times greater per 
unit of weight than the original total serum protein. A further 
purification was effected by means of lead acetate. The esterase 
was not precipitated in dilute solution by lead acetate at pH 
7.0, but was precipitated at pH 7.4. This treatment increased 
the esterase activity to 150 times that of serum. The purest 
preparation of esterase was protein in character, and did not 
contain a carbohydrate group. 

At least three crystalline albumins have been separated from 
serum, each with characteristic crystalline form. These ob- 
servations indicate further? the complexity of even the repeatedly 
recrystallized serum albumin fraction. 


Enzymic Oxidation of Sulfur-Containing Amino Acids. By 
Grace Mepes. From the Lankenau Hospital Research In- 
stitute, Philadelphia 
Cysteine, cystine, cystine disulfoxide, and cysteine sulfinic 

acid are oxidized with formation of inorganic sulfate in the 

presence of tissue slices. The results with cysteine and cystine 


* Stedman, E., and Stedman, E., Biochem. J., 29, 2563 (1935). 
t Sédrensen, 8. P. L., Compt.-rend. trav. Lab. Carlsberg, 12, 12 (1917). 
Ferry, J. D., and Oncley, J. L., J. Am. Chem. Soc., 60, 1123 (1938). 
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agree in general with those obtained by Pirie.* Both liver and 
kidney slices are highly active; blood, spleen, and lung tissue are 
inactive, while cardiac and heart muscle possess a low degree of 
activity. Sulfate formation from cystine by liver and kidney 
tissue was considerably less than from cysteine. The yield of 
sulfate from cystine disulfoxide was of the same order as from 
cystine. Oxidation of cysteine sulfinic acid occurred most readily, 
the yield in all cases being higher than with any of the other 
compounds. 

Extraction or partial purification of the enzymes concerned 
in these oxidations has demonstrated the presence of at least 
four enzymes: (a) cytochrome oxidase, which oxidizes cysteine 
quantitatively to cystine. It has no effect on cystine, methionine, 
cysteine sulfinic acid, or cysteic acid; (b) a second oxidase (cysteine 
oxidase) which oxidizes cysteine to cystine. This reaction does 
not take place quantitatively, only 50 to 90 per cent of the cysteine 
being recovered as cystine, depending upon the conditions of the 
experiment. Cystine slowly disappears under the action of 
this enzyme. Its oxidation products have not yet been identified. 
No inorganic sulfate is formed and apparently no sulfinate; 
(c) an oxidase (sulfinic acid oxidase); (d) an oxidase which con- 
verts cysteine to inorganic sulfate. 

Methods of extraction and identification will be presented. 


Urinary Excretion of Thiamine. By Daniext MELNICK AND 
Henry Frevp, Jr. From the Department of Internal Medicine, 
Medical School, University of Michigan, Ann Arbor 
Our recently published method for the chemical determination 

of thiamine, based on the reaction between the vitamin and 
diazotized p-aminoacetophenone, has been applied to analyses of 
urine. NaSO; is added to the urine sample, adjusted to pH 
4.5, and the solution is concentrated in vacuo until salts begin 
precipitating. Benzyl alcohol is then added and the distillation 
continued until most of the water is removed. The alcoholic 
solution is shaken with acidulated water and ether, the vitamin 
passing into the aqueous phase. The latter is subjected to 
zeolite adsorption with subsequent elution. The eluate is then 
suitable for the chemical test. 


* Pirie, N. W., Biochem. J., 28, 305 (1934). 
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Tests conducted with the entire 12 hour urine samples give 
consistent recoveries of from 85 to 95 per cent of added thiamine. 
With urine samples of 6 hours or less, theoretical recoveries of 
added vitamin are obtained. The method is highly specific 
for thiamine in urine. No other substances, including a large 
number of drugs, have been found to yield a color which is ex- 
tracted by the xylene. In normal urines no appreciable amounts 
of phosphorylated thiamine were found. The stability of the 
vitamin in urine at different physiological pH values, its excretion 
by normal and avitaminotic individuals before and during the 
parenteral administration of extra vitamin, the diurnal variation 
and its significance, and factors influencing the “saturation” 
test were studied. 


Blood Cholesterol in Rabbits during Experimental Herpes Virus 
Infection Treated with Vitamin B, and with Sulfanilamide. 
By Samuet MempBer aND Maurice Brucer. From the 
Department of Medicine, New York Post-Graduate Medical 
School, Columbia University, New York 
Daily determinations of whole blood cholesterol were carried 

out on thirty-one rabbits with experimental herpes virus in- 
fection. Of these, ten received 20 mg. of vitamin B, intramus- 
cularly daily, fourteen sulfanilamide or its derivatives in daily 
doses of 1 or 2 gm. orally or intramuscularly, and seven rabbits 
served as controls. 

Herpes virus infection in rabbits is accompanied by no con- 
sistent alteration in the blood cholesterol in spite of a uniform 
rise in body temperature (rectal) to 41.11° in all animals. The 
administration of vitamin B, and of sulfanilamide or its derivatives 
to rabbits with herpes virus infection likewise did not consistently 
influence the blood cholesterol. For the most part, these agents 
accentuated the variations observed but in no uniform direction. 


Endogenous Citric Acid Production. By Curtis E. Meyer. 
From the Department of Physiological Chemistry, Wayne Uni- 
versity College of Medicine, Detroit 
Recent reports in the literature offer evidence for the endo- 

genous origin of urinary citric acid. Additional data in support 

of this thesis have been obtained. The citric acid balances of 
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rats maintained on various types of diets extremely low in this 
compound have been determined. Animals which received a 
diet high in protein remained practically in balance over a period 
of 18 days, while those maintained on a high carbohydrate or 
high fat ration excreted as much as 30 mg. a day more than 
they ingested. This production of citric acid is not dependent 
upon the pH of the urine. 


The Isolation of a Mucopolysaccharide from Synovial Fluid. 
By Kari Meyer, Evizaspera M. SmytH, Martin H. 
Dawson. From the Department of Ophthalmology, College of 
Physicians and Surgeons, Columbia University, and the In- 
stitute of Ophthalmology and the Edward Daniels Faulkner 
Arthritis Clinic, Presbyterian Hospital, New York 
In continuation of former work on mucopolysaccharides and 

glycoproteins, the so called mucin of synovial fluid was inves- 

tigated. By a method similar to that used in the isolation of 
chondroitinsulfuric acid,* a polysaccharide acid of high molecular 
weight was isolated from cattle synovial “mucin.” 

This polysaccharide acid was proved to be identical with the 
acids formerly isolated from vitreous humor, umbilical cord,f 
and Group A hemolytic streptococcus in the mucoid phase.tf 
The composition and rotation of the acids were very similar, 
and the acids were hydrolyzed at the same rate by a specific 
enzyme isolated from pneumococcus and more recently from 
streptococcus. Experiments to obtain antisera against the 
polysaccharide acids were unsuccessful. No indication was 
found for the presence of chondroitinsulfuric acid. The acid 
occurs in the synovial fluid either free or as a protein salt. 

The protein compound formed on acidification of synovial 
fluid apparently is a salt of a globulin with the acid. By salting- 
out with ammonium sulfate in weakly ammoniacal solution, the 
components are separated and obtained free of each other. 


A Specific, Enzymatic Method for the Analysis of Creatine and 
Creatinine in Tissues, and Its Application to Studies of the 


* Meyer, K., and Smyth, E. M., J. Biol. Chem., 119, 507 (1937). 
+t Meyer, K., and Palmer, J. W., J. Biol. Chem., 114, 689 (1936). 
t Kendall, F. E., Heidelberger, M., and Dawson, M. H., J. Biol. Chem., 


118, 61 (1937). 
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Distribution and Interrelationship of Creatine and Creatinine 
in Mammalian Tissues. By Benyamin F. Ze_mMa 
Baker, AND M. J. Cart Auuinson. From the Department 
of Medicine, the University of Chicago, Chicago 

A specific, enzymatic method for the estimation of creatine 
and creatinine in tissues has been developed. Creatine is con- 
verted to creatinine by dehydration with hot acid, and the cre- 
atinine produced is determined colorimetrically with alkaline 
picrate before and after incubation with the bacterial enzymes 
previously described by Miller and Dubos for the specific de- 
composition of creatinine. Endogenous creatinine is extracted 
from the tissues with hot water and similarly determined. The 
colorimetric estimations are made in the Evelyn photoelectric 
colorimeter or the Pulfrich stufenphotometer which permit the 
precise estimation of as little as 0.2 microgram per ce. of final 
extract. 

These methods have been applied to a study of the creatine 
and creatinine content of various tissues of the rat, dog, and 
monkey and have uncovered a marked discrepancy between the 
true and “apparent” creatine and creatinine contents of many 
tissues, particularly liver. In muscle, testis, and brain the true 
creatine corresponds fairly closely with the “apparent’’ creatine, 
whereas in most other tissues the true creatine varies from about 
15 to 70 per cent of the apparent values. In all tissues studied 
there exists a rough proportionality between the concentration 
of true creatine and creatinine. 


Comparison of Several Calcium Salts As to Their Effect upon 
Lactose Utilization. By Heten 8. Guapys M. 
Coox, AND Katuertne L. O’Brien. From the Nutrition 
Laboratory, Massachusetts State College, Amherst 
The relative merits of the various calcium salts used in present 

day calcium therapy have recently attracted some attention. 

Repeated observations in this laboratory indicate that the glu- 

conate differs from other calcium salts in its specific effect upon 

the digestion and absorption of lactose. 
Rats were fed an adequate ration containing 60 per cent lac- 
tose, plus 1.0 or 0.5 per cent of calcium added in the form of six 


* Aided by a grant from the John and Mary R. Markle Foundation. 
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different calcium salts, respectively, tricalcium phosphate, car- 
bonate, citrate, lactate, levulinate, and gluconate. Rats on any of 
the first five calcium salts showed as good growth, less diarrhea 
in general, about the same degree of galactemia, and a similar 
incidence of cataract as on the plain 60 per cent lactose ration. 
With calcium gluconate fed at the 1.0 per cent calcium level, few 
rats survived; these grew but little, had severe diarrhea, low blood 
sugar, and no lenticular changes whatever. With 0.5 per cent 
calcium (5.6 per cent calcium gluconate), the survival was better, 
growth poor, diarrhea moderate, lenticular changes few if any. 
These criteria all indicate that calcium gluconate prevents most 
of the lactose from leaving the intestinal tract. Since calcium 
gluconate shows no inhibitory effect upon the absorption of the 
single sugars glucose or galactose, the problem must concern the 
breakdown of the disaccharide. Sodium gluconate, fed at corre- 
sponding levels, exerted a similar deleterious effect, with only one 
out of eight rats surviving the experiment. 

It would seem that the gluconate radical in some way inhibits 
lactase activity. For this reason, the therapeutic use of calcium 
gluconate and lactose together is questioned. 


Hypervitaminoses D, and D, in Rats As Affected by Calcium and 
Phosphorus of the Diet. By Anes Fay Morcan, JEANETTE 
B. Henprickxs, AND Nosuxo Sarmortort. From the Labora- 
tory of Home Economics, University of California, Berkeley 
Moderately excessive doses, 4000 to 10,000 v. s. Pp. units per 

day, of irradiated ergosterol (vitamin D,) and fish liver oil con- 

centrates (vitamin Ds) given to young rats on a basal diet con- 
taining adequate amounts of calcium and phosphorus were found 
previously to produce more markedly toxic results in the groups 

given vitamin D, and relatively low amounts of vitamin A. A 

similar comparison has now been made on rats fed the same basal 

diet and on parallel groups fed diets of low P-adequate Ca and 
adequate P-low Ca content for 27 to 32 days. Parathyroid ex- 
tract, 0.4 unit per gm. of body weight daily, was injected into an 
additional subgroup in each case also. The vitamin A intake of 
all groups was the same. 

All groups given the normal diet, that is adequate Ca-adequate 
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P, except those receiving excess vitamin De, grew normally and had 
normal femur ash and soft tissue Ca content. The group which 
received excess vitamin D, had severe symptoms of hypervitamin- 
osis. The rats on the low P-adequate Ca diet grew very little 
and exhibited severe symptoms of hypervitaminosis in the group 
on excess vitamin D, and to a lesser extent in those on excess 
vitamin D;. Those on the low Ca-adequate P diet on the other 
hand grew nearly normally and had no symptoms of hypervita- 
minosis except that the femur ash content was low. The para- 
thyroid extract had no effect on bone ash in any of the groups and 
none on tissue Ca except for the kidney. Thus the Ca and P 
content and ratio in the diet were found to be of primary im- 
portance in determining the response to hypervitaminosis D and 
to parathyroid extract in regard to growth, food utilization, 
serum Ca, femur ash, and soft tissue Ca, particularly of the kidney. 


The Effect of Phosphate Administration on the Capacity of the 
Dog for Work. By Minerva Morse. From the Department 
of Pediatrics, the University of Chicago, Chicago 
A study of the effects of phosphate administration on the 

capacity of the dog to run on the treadmill has included doses of 

4.0 gm. of NaH,PO,-H:O immediately, 4, 1, or 2 hours before 

exercise or daily for at least a week, 4.0 gm. } and 1 hour before, 

10.0 gm. 15 hours before, 7.8 gm. of NagHPO,-12H,O0 immediately 

or 1 hour before, and a mixture of the acid and dibasic phosphate 

of pH 7.4 1 hour before. Administration of phosphate has shown 
little influence on capacity for work as measured by the length of 
the run. 

During the first 15 minutes after ingestion, exercise appears to 
promote absorption of phosphate; as exercise continues, serum 
phosphate falls rapidly. If phosphate is given immediately or 1 
hour before exeiczise fatigue may occur when serum phosphate is 
normal. The low serum phosphate which is usually found after 
exercise would not seem to be a causal factor in fatigue. Daily 
doses of acid phosphate neither raise the initial serum phosphate 
level nor prevent the decrease in serum phosphate which occurs in 
the first half hour of recovery. 

A determination of changes in other blood constituents during 


| 


Ixxiv Scientific Proceedings. XXXIII 


exercise, pH, bicarbonate, lactate, chloride, total base, potassium, 
protein, and sugar has shown no consistent influence of phosphate 
administration. 


Electrolyte and Water Exchanges between Muscle and Blood in 
Adrenal Insufficiency. By Epwarp Muntwy .er, FREDERICK 
R. Mavutrz, Georce MancGun, AND Ropert C. MELLors. 
From the Departments of Biochemistry and Surgery, School of 
Medicine, Western Reserve University, Cleveland 
A study of the electrolyte and water content of skeletal muscle 

(lumbar portion, sacrospinalis) obtained from a series of normal 

dogs on a constant diet yielded the following average results (ex- 

pressed in terms of 1000 gm. of fat-free muscle): chloride 19.3, 

sodium 28.0, and potassium 82.6 milliequivalents, and water 

761.2 gm. The average serum chloride was 116.5 milliequivalents 

per 1000 gm. of water. By assuming that the chloride ion is limited 

to the extracellular phase, the average extracellular phase (F) is 
calculated to be 159.0 gm. per 1000 gm. of muscle. The average 
collagen N (determined as gelatin N) was found to be 5.1 gm. per 

1000 gm. of fat-free muscle. If the latter value is taken and 

certain assumptions employed, it is estimated that the average 

extracellular phase becomes increased to approximately 190.0 gm. 
per 1000 gm. of muscle. 

Muscles from dogs in adrenal insufficiency showed a lowered 
chloride and sodium content. The decrease of sodium was rela- 
tively greater than that of chloride. The muscle potassium was 
increased slightly and there was an appreciable increase of the 
water content. By assuming a constant solid content of the 
intracellular phase of the control and experimental muscles, it is 
calculated that, relative to the control, the bulk of the muscle 
increases in insufficiency. This is the result of an increase of the 
amount of the intracellular phase in muscle and a relatively 
smaller decrease of the amount of extracellular phase. 


Constancy of the Chemical Composition of Serum Proteins Re- 
generated under Various Dietary Régimes. By Wriiam A. 
aNnp L. H. Newsureu. From the Department of 
Internal Medicine, Medical School, University of Michigan, 
Ann Arbor 
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Total protein was prepared for analysis from the serum of 
normal dogs and from the same animals while subjected to quan- 
titative plasmapheresis.* During this régime the dogs subsisted 
either on an artificial, “synthetic” protein-free diet or on a ration 
whose protein was furnished from a single dietary source (beef 
serum protein, casein, or lactalbumin). The proteins analyzed 
represented pooled aliquots of the serum proteins of blood re- 
moved in the bleedings of the equilibrium week, following an 
adjustment period of 1 week. Calculations have indicated that 
approximately 80 per cent of the serum proteins was regenerated 
in each case while the animal subsisted on the specified diet. 

The normal serum proteins of this series contained 1.8 per cent 
histidine, 5.7 per cent arginine, and 9.0 per cent lysine, or, ex- 
pressed in molecular ratios, 3.5:10:19. These results are in 
agreement with those reported by Block. The values obtained in 
the analyses of all the samples of protein collected in the plasma- 

pheresis experiments were essentially the same. 

The present findings support the contention of Block, as ex- 
pressed in his “anlage’’ theory, that the total serum proteins are 
constant in composition, in so far as the basic amino acids are 
concerned. Despite the marked regeneration of plasma proteins 
occasioned by the plasmapheresis, no evidence of lability of 
serum proteins was obtained. 


| The Effect of Phosphorus on the Biological Estimation of Vitamin 
D Activity. By Brian O’BrIen aND KENNETH MORGAREIDGE. 
From the Institute of Optics and the Department of Biochemistry, 
The University of Rochester, Rochester, New York 
As previously reported,* skim milk fortified with vitamin D 
concentrates exhibits an apparent antirachitic activity 2 to 3 
times greater than that expected from the vitamin added. The 
réle of phosphorus as a possible cause of this enhancement has 
been tested. Graded doses of crystalline vitamin D», with and 
without varying amounts of phosphorus (as sodium glycerophos- 
phate), have been fed to over 400 rachitic rats and healing esti- 


, * Melnick, D., Cowgill, G. R., and Burack, E., J. Exp. Med., 64, 877, 
895 (1936). We are indebted to Dr. G. R. Cowgill and Dr. D. Melnick for 
making these proteins available for study. 

* Morgareidge, K., and O’Brien, B., J. Nutrition, 16, 395 (1938). 
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mated on the 10th experimental day by the radiographic 
technique.t The vitamin, in propylene glycol solution, was fed 
daily (in addition to the basal diet) in 4 ce. of 5 per cent gelatin 
solution containing glycerophosphate. Tests have shown that 
gelatin is necessary as a protective colloid to prevent loss of 
vitamin from water solution. 

When vitamin D is fed thus, without phosphorus, quantitative 
recovery of potency results. Amounts fed plotted against ob- 
served healing produced by equivalent levels of international 
standard give a straight line. Feeding 1, 2, and 4 mg. of phos- 
phorus per day plus vitamin D yields corresponding increases in 
observed healing. Approximately stated, equivalent healing is 
proportional to the product of the vitamin by the phosphorus fed. 
More precisely, total antirachitic activity (A) is A = (1 + kP) D 
where P is in mg. and D, international units per day. Constant 
k equals 0.58 in our colony. Preliminary evidence indicates that 
all types of phosphorus compounds are not equally effective. 


The Production of Anemia by Cholesterol Feeding. By Rutu 
OKEY AND VERA Greaves. From the Division of Home Eco- 
nomics, College of Agriculture, University of California, 
Berkeley 
Guinea pigs fed an adequate “synthetic” diet containing 1 per 

cent cholesterol have developed in addition to the characteristic 

enlarged and fatty livers a profound anemia and, after 8 to 9 

weeks on the diet, spleens of 10 to 12 times the normal weight. 

Controls fed the same diet without the cholesterol have remained 

normal throughout the experiment. 

Ester cholesterol of liver has averaged in twenty animals fed 
cholesterol 4.6 per cent, while fatty acid averaged 23.7 per cent 
and lecithin 2.5 per cent, free cholesterol 0.79 per cent. Control 
figures were, ester cholesterol 0.20 per cent, fatty acid 6.0 per 
cent, lecithin 3.7 per cent, and free cholesterol 0.34 per cent. 

Free and ester cholesterol figures for blood were approximately 
twice as high in the cholesterol-fed as in the control animals. 
There are also significant increases in free cholesterol of spleen, 
heart, and lungs, with lowered lecithin values in these tissues. 


t O’Brien, B., and Morgareidge, K., J. Nutrition, 16, 91 (1938). 
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Histological examination has shown breakdown of red corpuscles 
and liver cells and necrotic areas in the spleen. 

The net effect is a decrease in the lecithin to free cholesterol 
ratio in the tissues in which cellular destruction has been demon- 
strated. This suggests that maintenance of this ratio within a 
definite range may be a necessary condition for normal nutrition. 


The Relation of Dietary Protein to Hemoglobin Formation in the 
Rat. By James M. OrTen AND ALINE UNDERHILL ORTEN. 
From the Department of Physiological Chemistry, Wayne Uni- 
versity College of Medicine, Detroit 
The relation of dietary protein to the normal blood picture of 

the rat is being investigated. Animals at weaning (21 days) were 
fed a synthetic diet adequate except for a low level of protein of 
excellent quality (lactalbumin). Special attention was given to 
the vitamin supplements, particularly the vitamin B complex, in 
order to assure the daily consumption of an abundance of all the 
known factors. At 100 days of age the animals were in excellent 
condition, although increase in body weight had been almost en- 
tirely inhibited. An examination of the blood, however, showed 
the existence of a typical hypochromic anemia characterized by a 
nearly normal red cell count, a low hemoglobin value, and an 
increased number of reticulocytes. Control rats receiving exactly 
the same quantities of calories and of all of the dietary constitu- 
ents except the amount of protein (increased at the expense of 
carbohydrate) showed a normal blood picture. Furthermore, 
the feeding of an increased amount of protein (again at the expense 
of carbohydrate), with no increase in calories or inorganic matter, 
promptly corrected the anemia. Thus, the anemia is clearly 
referable to the protein intake. Additional experiments designed 
to determine the possible effect of the administration of individual 
amino acids, including glycine, leucine, tryptophane, histidine, 
cystine, and methionine, and certain other substances, will be 
discussed. 


The Influence of the Melting Points of Fats on Their Utilization 
by Herbivora. By Henry Paut anp C. M. McCay. From 
the Laboratory of Animal Nutrition, Cornell University, Ithaca 
Previous studies have proved that guinea pigs cannot utilize 
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a hard fat as efficiently as a liquid fat. However, analysis showed 
that this animal could readily digest or split the high melting fat 
into fatty acids. The poor utilization of the hard fat was con- 
sidered a result of the guinea pig’s inability to absorb to any great 
degree the higher melting fatty acids. 

Experiments were conducted to determine the difference in 
utilization of two fatty acids having similar composition and 
saturation but widely different melting points. Liquid oleic acid 
(m. p. 14-16°; iodine number 90) and its solid crystalline isomer, 
elaidic acid (m. p. 44°; iodine number 90) were the two fatty 
acids chosen as meeting these requirements. The elaidic acid 
was prepared by bubbling oxides of nitrogen through oleic acid. 
Four recrystallizations of the elaidic acid yielded pure snow-white 
crystals of the fatty acid. 

Rats were able to utilize efficiently the same amount (95 per 
cent) of either fatty acid. Guinea pigs were able to use 95 per 
cent of the liquid oleic acid, but used only 55 per cent of the solid 
elaidic acid. 

In pilot studies rabbits and a sheep were able to use to the same 
degree both a high melting fat (Crisco) and a low melting fat 
(Wesson oil). 

The observation was made that castor oil at a 6 per cent level in 
the diet was well utilized by sheep, guinea pigs, and rabbits with- 
out apparent ill effect. No purgative action resulted from its use. 


The Prevalence and Importance of Hypovitaminosis A. By L. B. 
Petr. From the Department of Biochemistry, University of 
Alberta, Edmonton, Canada 
Slight deficiencies of vitamin A, as indicated by adaptation 

tests, are claimed to be wide-spread. This claim is contested, 

since convincing evidence, even of the relation of these tests to 
vitamin A, requires larger groups than yet reported. 

A rapid testing apparatus was devised in which an average test 
takes less than 1 minute, and two or three tests are made within 
5 minutes of the subjects entering the room. Confusion from 
afterglow is avoided, guessing is eliminated (common in children), 
and the room need not be dark. 

Treatment of 269 people having more than 10 seconds recovery 
time (deficient) with vitamin A brought response in all but two 
cases, ending in a time of 10 seconds or less (normal). Large 
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amounts of vitamin did not affect people already in the normal 
range (3 to 10 seconds). The recovery time of a normal person 
on a vitamin A-deficient diet lengthened from 8 to 27 seconds, 
when nyctalopia, asialia, and other symptoms were present. 

A survey of 1000 university students showed 52 per cent normal, 
24 per cent border line, and 24 per cent definitely deficient in 
vitamin A. Of the normals 54 per cent had a cold within a month, 
while of the rest 70 per cent had a cold. Similarly dry skin, 
itchiness, scanty saliva, and dry conjunctiva were several times 
commoner in the deficient group. Tests in connection with 
various diseases suggest that hypovitaminosis A is a factor in 
many conditions involving epithelial tissues. 

Over 1300 people have been tested and no relation found be- 
tween the test and sex, age, color of eyes, wearing of glasses, or 
other factors. Every deficient case had a low vitamin A intake. 


Sulfate and Sucrose Clearances in Normal Men. By Mar- 
SCHELLE H. Power, ARNoLpus Goupsmit, JR., AND NORMAN 
M. Kerru. From the Division of Biochemistry and the Division 
of Medicine, The Mayo Foundation, Rochester, Minnesota 
Solutions containing sodium sulfate and sucrose were injected 

intravenously in amounts sufficient to attain concentrations in 

the serum ranging from 70 to 90 mg. per cent of SO, and 85 to 

170 mg. per cent of sucrose. Initial blood samples were taken 30 

to 50 minutes after the cessation of injection. In the succeeding 

2 hours the clearances of each of these substances, based on con- 

secutive collections of urine at intervals of 30 minutes, did not 

change appreciably as their concentrations in the serum decreased 
about 50 per cent. The clearance of sulfate, which is only 25 to 

40 per cent of that of sucrose at endogenous levels of the serum 

sulfate, increased markedly at the higher levels, and attained 

values representing 89, 101, and 108 per cent of the sucrose clear- 
ance in different individuals. These results are consistent with 
the view that sulfate is excreted by glomerular filtration with 
subsequent reabsorption which at high concentration of SQ, in 
the serum may be less than the reabsorption of sucrose. Ex- 
periments with dogs* in which the clearance of SO, at high con- 


* Goudsmit, A., Jr., Power, M. H., and Bollman, J. L., Am. J. Physiol., 
in press. 
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centrations in the serum approached that of creatinine—a sub- 
stance widely accepted as a measure of the rate of glomerular 
filtration in the dog—lead to a similar view of the mechanism of 
excretion of SO,. The volumes of distribution of sucrose and 
sulfate were found to be practically identical. 


The Determination of the Vitamin A Value of Tissue of Low Oil 
Content by the Carr-Price Reaction and the Percentage of Oil 
on the Same Sample. By L. I. Puastey. From the Fisheries 
Experimental Station, Prince Rupert, Canada 
The determination of the vitamin A value of tissue of low oil 

content (e.g. halibut liver and viscera) presents a number of diffi- 

culties owing to the instability of vitamin A. In order to over- 

come some of these, a method has been worked out whereby a 

small sample (10 gm.) of raw minced tissue is ground with an- 

hydrous sodium sulfate (30 gm.), extracted with chloroform (250 

cc.), made up to a definite volume, and a suitable aliquot of the 

chloroform extract taken for the determination of vitamin A by 
the Carr-Price reaction, in the Evelyn photoelectric colorimeter. 

The chloroform is distilled off from the remaining portion, and 

the oil residue dried in a vacuum oven and weighed. 

The chloroform must be added immediately after the tissue is 
ground with the sodium sulfate; otherwise loss of vitamin A occurs. 
Better extraction was obtained with raw tissue than with cooked, 
the latter forming a hard cake which adhered to the extraction 
flask. No loss of vitamin A was detected when the tissue stood 
in the presence of the chloroform for 6 hours. However, when 
the mixture was allowed to stand for 15 hours, a definite decrease 
in the value occurred. 

The same recovery of vitamin A was obtained by this method as 
by alkali,digestion of the tissue and ether extraction of the un- 
saponifiable matter. The yield of oil also compared favorably 
with that obtained by ethyl ether extraction. 


The Concentration of Prothrombin in Infant Blood. By ARMAND 
J. Quicx. From the Department of Pharmacology, Marquette 
University School of Medicine, Milwaukee 
Experimentally and clinically it has been demonstrated that 

an adequate intake and absorption of vitamin K are essential for 
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the maintenance of a normal concentration of prothrombin in 
the blood. Since the writer has shown that a prothrombin 
deficiency can be detected in chicks 4 days after the removal of 
vitamin K from the diet, the possibility of a similar deficiency in 
infants must be considered, especially in view of the fact that 
Brinkhous, Smith, and Warner* have reported that the concen- 
tration of prothrombin in the blood of infants below the age of 
2 months and of cord blood is less than 50 per cent of normal. 
By using the method developed by the writer for the quantitative 
determination of prothrombin, it was found that the concentra- 
tion of prothrombin in infant blood, even of babies 7 and 8 days 
old, was the same as that of the blood of normal adults. The 
prothrombin of cord blood was also found approximately normal, 
but certain plasmas obtained from such bloods had a slight 
antithrombic action. In an infant 6 months old with congenital 
atresia of the common bile duct, a normal prothrombin was found. 
Although there was no evidence of any bile having ever entered 
the intestines up to this time, no deficiency of vitamin K, as 
indicated by the normal level of prothrombin, could be demon- 
strated. It appears therefore that vitamin K deficiency in infants 
is uncommon. 


The Antipneumococcic Effect of Sulfapyridine and Related Com- 
pounds in Mice. By Grorcre W. Raiziss, M. Severac, J. C. 
Moetscu, aND Leroy W. Ciemence. From the Graduate 
School of Medicine, University of Pennsylvania, and the Derma- 
tological Research Laboratories, Philadelphia 
Whitby and other English investigators reported good thera- 

peutic effects obtained by the use of sulfanilylaminopyridine 

(sulfapyridine) in the treatment of experimental pneumococcic 

infections in mice. Favorable clinical results in human pneu- 

monia were also reported. 

Mice were infected by us with virulent strains of pneumococcus 
Types I, II, and III and treated by the oral administration of 
sulfapyridine, sulfanilamide, and diaminodiphenylsulfone. The 
same drugs were tested in experimental S-hemolytic streptococcus 


* Brinkhous, K. M., Smith, H. P., and Warner, E. D., Am. J. Med. Sc., 
193, 475 (1937). 
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infection in mice. The comparative therapeutic results, as well 
as data concerning toxicity, are being presented. 


The Effects of Insulin on Serum Lipids and Choline Esterase in 
Schizophrenic Subjects. By Loweitt O. From 
the Research Service, Worcester State Hospital, Worcester 
In contrast to the usual lowering effect of insulin on the lipemia 

of diabetes and on the lipid level of normal animals we found an 

immediate as well as a prolonged rise in serum lipids during the 
insulin shock treatment of schizophrenic subjects and a con- 
comitant increase in the choline esterase activity. Bloor’s oxi- 
dimetric methods were used for the determination of phospholipid, 
total and free cholesterol, and total lipid and Ammon’s* gasomet- 
ric method for the choline esterase activity of serum. Two 
blood samples, 1 week apart, were taken before and two after 
treatment. During the 3rd and 7th weeks of treatment, samples 
were taken before insulin was given, during coma, and 1 hour 
after sugar administration. In twelve patients, during the period 
of coma, there was a statistically significant rise in all the lipid 
fractions and in the choline esterase activity and a smaller increase 
in red cell volume. This latter accounted for about 20 per cent 
of the increase in the lipid and esterase. These values returned 
toward the control level after administration of sugar. In seven- 
teen patients, a prolonged effect of insulin was observed. There 
was a significant rise in serum lipids and choline esterase activity 
which remained above the initial level for at least 2 weeks after 
cessation of treatment. These effects are believed to have been 
due to the stimulation of the sympathetico-adrenal system by 


Serum and Urinary Phosphorus Changes in Man after Olive Oil 
Ingestion. By Raymonp Reiser AND FrepertcK M. Hanes. 
From the Departments of Medicine and Biochemistry, Duke 
University School of Medicine, Durham, North Carolina 
Data in the literature on phosphorus changes in the serum and 

urine after fat ingestion are meager and conflicting. In the pres- 

ent study 50 gm. of olive oil were fed to a number of normal per- 


* Ammon, R., Arch. ges. Physiol., 233, 486 (1933). 
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sons in the fasting state at 8 a.m. and the serum inorganic phos- 
phorus and rate of urinary phosphorus excretion determined 0.5, 
1, 2, 3, and 4 hours afterwards. The subjects remained in bed 
during the entire course of the experiments. 

In eight of nine cases the serum inorganic phosphorus was re- 
duced, reaching a minimum 1 hour after the meal. The smallest 
decrease was 0.18 and the largest 0.46 mg. per cent, the average 
being 0.32 mg. per cent or 8.2 per cent of the fasting value of 3.9 
mg. per cent. 3 hours after the meal the serum phosphorus had 
returned to the fasting level. 

In each of ten cases there was a very pronounced drop in the 
rate of urinary phosphorus excretion expressed as mg. of P ex- 
creted per hour. The minimum excretion was in the period be- 
tween 0.5 and 1 hour after the ingestion of the oil, the average 
decrease in rate being 70 per cent of the fasting value. The 
smallest decrease was 50 per cent and the largest 90 per cent. 
The rate of excretion rapidly increased but in only four cases had 
it returned to or exceeded the fasting level at the end of the ex- 
periment. 

These changes are considered greater than can be accounted for 
on the basis of diurnal variation. 


Further Studies on Ammonia Metabolism. By D. Rirrensere, 
ALBERT 8. Keston, aND SamMuet Grarr. From the Depart- 
ment of Biological Chemistry, College of Physicians and Sur- 
geons, Columbia University, New York 
It has been shown that isotopic ammonia given to rats under 

exceptional conditions may be used for the formation of amino 

acids. It has now been found that this also occurs under normal 
conditions. To the stock diet of adult rats was added a small 
amount of isotopic ammonia, and a number of pure amino acids 
were isolated from the proteins of the liver and intestinal tract. 

The presence of isotope in the amino acids shows that dietary 

ammonia was involved in their formation. 

The uptake of isotopic nitrogen into the guanido group of 
arginine has been investigated more closely. 

After feeding isotopic ammonia the urinary ammonia contains 
only traces of isotope, while the concentration of it in the urinary 
urea is high. Feeding of isotopic amino acids leads to the reverse 
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condition; high concentration in the urinary ammonia, low con- 
centration in the urea. 


The Determination of Cholesterol. By Anton R. Rose, Frep 
ScHATTNER, AND Witi1aM G. Exton. From the Laboratory 
and Longevity Service of The Prudential Insurance Company 
of America, Newark 
As the green color of the Liebermann-Burchard reaction is 

unsatisfactory, the determination of cholesterol in a system of 

lipid partition developed by us* utilizes the red color of the Tschu- 
gaeff reaction. 

Add 0.1 ec. of blood to 5 ec. of equal parts of aleohol and acetone; 
after standing in a bath 5 minutes at 80° centrifuge. For total 
cholesterol saponify 4 cc. of the clear liquid with 1 drop of con- 
centrated sodium hydroxide. Then separate the cholesterol as 
digitonide as usual. After washing with alcohol-ether and drying 
at 40° develop the red color by adding 3 ce. of zine chloride (38 
gm. in 100 ec. of glacial acetic acid), then 2 cc. of acetyl chloride. 
Immerse immediately in water at 55° and stir briskly until digi- 
tonide is completely dissolved. Then stopper with cork pro- 
tected by tin-foil and stand in the bath 15 minutes longer. 

The red color is directly proportional to the concentration of 
cholesterol and constant more than an hour. It is best measured 
in the electroscopometer but can also be measured with the usual 
simultaneous standards in the Duboseq type of apparatus. 


The Amino Acids of Tobacco Mosaic Virus Protein. By A. 
FranK Ross anp W. M. Sranutey. From the Department of 
Animal and Plant Pathology of The Rockefeller Institute for 
Medical Research, Princeton 
The hydrolytic products of chemically isolated tobacco mosaic 

virus protein were subjected to a systematic fractionation involv- 

ing the separation of the basic amino acids as their silver salts, 
precipitation of the barium salts of the dicarboxylic amino acids 
by alcohol, and the preparation of the copper salts of the re- 


* Rose, A. R., Schattner, F., and Exton, W. G., Proc. Am. Soc. Biol. 
Chem., J. Biol. Chem., 119, p. Ixxxiv (1937). 
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maining monoamino acids. Individual amino acids were crystal- 
lized from the various fractions or were obtained in the form of 
suitable derivatives. The tobacco mosaic virus protein appears 
to contain no histidine, less than 0.5 per cent lysine, 8.8 per cent 
arginine, 5.1 per cent glutamic acid, 4 per cent aspartic acid, 4.2 
per cent leucine, and 3.9 per cent valine. Colorimetric methods 
of estimation indicated the presence of 2 per cent tryptophane, 
3.8 per cent tyrosine, and 0.6 per cent cysteine. Methionine was 
found to be present in traces. Use of Bergmann’s reagents 
indicated a proline content of 4.6 per cent but failed to establish 
the presence of alanine or glycine. Data on other amino 
acids are given. As a check on the purity of the chemically 
prepared virus protein, a smaller quantity of the protein was 
isolated by means of an ultracentrifuge and used for the estima- 
tion of several of the amino acids. No differences were found in 
the amino acid content of the two preparations. 


The Decomposition of Cysteine in Aqueous Solution. By Joserx 
I. Routs. From the Biochemical Laboratory, State University 
of Iowa, Iowa City 
Cysteine hydrochloride (1.3 gm.) dissolved in distilled water 

was brought to approximately pH 7.0 by the addition of the 

theoretical amount of sodium hydroxide and the solution was 
adjusted to a total volume of 1 liter. On boiling the solution, the 
formation of cystine and hydrogen sulfide was observed. No 
elementary sulfur could be detected as contrasted to the formation 
of appreciable amounts of elementary sulfur when cystine was 
decomposed under similar conditions. Also in contrast to the 
work recently described on cystine the breakdown of cysteine 
was more rapid and extensive in air than in an atmosphere of 
nitrogen. In all but the longest periods of boiling (48 hours) 
in air approximately 100 per cent of the original sulfur could be 
accounted for as cysteine, cystine, hydrogen sulfide, and a small 
amount of an unknown form associated with increased acidity. 

During the decomposition of cysteine there was a slight loss of 

nitrogen which increased with the time of boiling and was greater 

in air than in nitrogen. This is in contrast to the behavior of 
cystine, whose nitrogen remained unchanged. 
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The Effect of Different Levels of Vitamin B, and Iron on the 
Retention of Iron and the Fat Content of Normal Young Rats. 
By Frepertc W. anp HeLen OtpHam. From the 
Department of Pediatrics, the University of Chicago, Chicago 
Litter mate rats were given the same diets but varying amounts 

of vitamin B, hydrochloride and iron. The iron content of their 
bodies was determined at 1, 2, and 3 weeks and retentions were 
calculated; as a control a third litter mate was used which had 
been sacrificed and analyzed for iron at the beginning of the 
experiment. 

The level of vitamin B;, intake did not influence the retention of 
iron at the levels studied. The optimum daily iron intake for 
rats of this age as judged by the retention of iron and by the iron 
content of the bodies is not more than 0.30 mg. Intakes above 
this level failed to give an increase in storage. An experimental 
period of 7 days was found to be of sufficient length to judge re- 
tention of iron. 

When isocaloric intakes were given, animals receiving 39 
micrograms of vitamin B, daily gained on an average 1.1 gm. 
per week more than their litter mates who were receiving 9 micro- 
grams of the vitamin. This difference was found to be significant. 
Of the increased gain, 90 per cent was found to be accounted for 
by increases in the fat and water content of the bodies. 


The Therapeutic Properties of 2-Sulfanilamidopyridine in Ex- 
perimental Pneumococcus Infections. By L. H. Scumipr. 
From the Christ Hospital Research Institute and the Department 
of Biochemistry, College of Medicine, University of Cincinnati, 
Cincinnati 
This report concerns the therapeutic effectiveness of 2-sulf- 

anilamidopyridine in experimental infections with Types I, II, 

III, IV, V, VI, A and B, VII, VIII, XI, XX, XXII, XXIV, 

XXVII, and XXIX pneumococci. White mice were infected 

intraperitoneally with 100 to 1000 lethal doses of a given type 

pneumococcus. 2 hours after infection they were treated with 

a certain amount of sulfanilamidopyridine; this treatment was 

repeated at varying intervals for periods of 6 to 10 days. If the 

mice survived 30 days after infection and had negative blood 
cultures at that time, they were considered cured. 
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The results show that the effectiveness of sulfanilamidopyri- 
dine therapy is not equal in infections with all types of pneumo- 
cocci, even though these pneumococci are of similar virulence. 
As judged by the amount of drug and duration of treatment re- 
quired, sulfanilamidopyridine had its greatest effect in infections 
with Types I and VII pneumococci, next in Types IV, V, VI, A 
and B, XI, XXII, and XXIX, and next in Types XX, XXIV, 
and XXVII, having a marked curative action in infections with 
all these types. In infections with Types II, III, and VIII the 
drug had little curative action, although it did prolong life. 


Low Phosphorus Diets and Urinary Lithiasis. By H. Scunerper 
AND H. Sreensocx. From the Department of Biochemistry, 
University of Wisconsin, Madison 
Urinary calculi have been produced consistently in young rats 

on a purified low phosphorus diet (P = 0.04 per cent, Ca = 0.57 
per cent). The diet contained ample amounts of vitamins A and 
D and was complete in all other respects. No calculi have ever 
been observed in rats on this diet when an adequate supply of 
phosphorus was furnished by a normal salt mixture. On the 
low phosphorus diet single calculi have been observed as early 
as the 7th week and after 20 weeks pathological changes in the 
urinary tract varied from a unilateral calculus to extensive in- 
volvements with hydronephrosis and multiple vesical calculi. 

Analysis of the calculi revealed that they were composed of 
practically pure calcium citrate. Phosphate was present only in 
traces. This is in marked contrast to reported analyses of human 
calculi. Our own analysis of several human urinary calculi has 
revealed citric acid contents varying from 0.0 to 1.5 per cent. 
It is suggested that calcium citrate may play a rdéle in the forma- 
tion of the primary nidus upon which other urinary salts precipi- 
tate to form the calculus. 

The urine of the rats on the low phosphorus diet was character- 
ized by a high pH, low P, and high Ca content. The urinary 
citric acid output of the experimental rats was higher than that of 
controls on the same diet but receiving a normal salt mixture. 
Experiments are being conducted to determine whether the in- 
creased citric acid is due to changes in metabolism referable to 
the deprivation of phosphorus. 
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Amino Acid Metabolism with Isotopes As Indicators. By RupoLtr 
ScHOENHEIMER, S. Ratner, AND D. Ritrensperc. From the 
Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York 
Leucine containing carbon-bound deuterium and N® has been 

resolved into its optical enantiomorphs. The natural form has 

been added to the stock diet of full grown rats for 3 days. In 
agreement with previous experiments on the metabolism of tyro- 
sine only a fraction of the nitrogen isotope was excreted, while 
the greater part was recovered from the proteins of the animals. 

The distribution of the isotope in different fractions and in pure 

amino acids isolated from the proteins has been investigated. 
Glycine was injected into rats with and without simultaneous 

addition of benzoic acid. Glycine was then isolated from the 
proteins of different tissues. The isotope content of these samples 
was determined. 


The Effect of Deficiencies in Copper and Iron on Oxidation 
Catalysts of Rat Tissues. By M. 0. Scuutrze. From the 
Department of Chemistry, University of Pittsburgh, Pittsburgh 
Rats were fed from weaning on whole milk supplemented with 

Mn and either Fe or Cu or Fe plus Cu. The oxidation of ascorbic 

acid with homogenized liver from these animals was determined. 

The rate of ascorbic acid oxidation during 2 hours was the same 

with livers of animals getting 0.5 mg. of Fe per day plus 0.5 mg. 

of Cu or 0.05 mg. of Cu per day respectively. With livers from 
rats getting no Cu and suffering from severe deficiency (hemo- 
globin 2 to 3 gm. per 100 cc.), the rate of ascorbic acid oxidation 
was even greater. Hence, copper can accumulate in the liver 
in a form catalytically inactive towards oxidation of ascorbic acid. 

With homogenized liver and heart from the same animals, cyto- 

chrome oxidase activity was determined manometrically in a 

buffered system containing cytochrome C, hydroquinone, semi- 

carbazide, and tissue (about 3 mg., dry). The cytochrome 
oxidase activity of the tissues of the animals getting 0.5 mg. of 

Fe per day plus 0.5 mg. or 0.05 mg. of Cu per day was the same 

(Qo, of liver 98, of heart 140). In severe copper deficiency it was 

greatly decreased (Qo, of liver 19, of heart 55). This decrease, 
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particularly in the liver, is greater than could be accounted for 
by the hypertrophy of the organs studied. 

Similar determinations on tissues from rats suffering from iron 
deficiency will be reported. 


The Relation of Vitamin C to the Metabolism of the Melanin 
Pigment Precursors, Tyrosine and Dihydroxyphenylalanine. 
By Rosert RipcGery SeaLock, BENJAMIN ZIEGLER, AND 
Rosert L. Driver. From the Department of Vital Economics, 
The University of Rochester, Rochester, New York 
The demonstration by various investigators of the relationship 

of ascorbic acid to the pigmentation ef Addison’s disease and to 
the production in vitro of melanin by the enzymes tyrosinase and 
dopase suggested that the feeding of the melanin precursors, 
tyrosine and dihydroxyphenylalanine, to animals susceptible to 
vitamin C deficiency should furnish a means of studying some 
further aspects of the relationship. Guinea pigs have been fed 
daily supplements of these precursors with and without the main- 
tenance level of vitamin C. By comparison with suitable controls 
there has been demonstrated, by the usual criteria of deficiency, 
an increased requirement for ascorbic acid when the amino acids 
are being metabolized. Since albino animals are incapable of 
synthesizing melanin, similar experiments have been performed 
with albino guinea pigs. The results indicate that these animals 
do not exhibit the same increased requirement for ascorbic acid 
as do the pigmented ones. 


The Effect of Cystamine on the Albino Rat. By W. H. Sesre.i 
AND FLoyp SHeitton Darr. From the National Institute of 
Health, Washington 
Cystamine was prepared according to the Gabriel synthesis. 

A portion was recrystallized to a constant melting point of approxi- 

mately 215° and a mixed melting point taken with a carefully 

analyzed sample from another laboratory. Young albino rats 
weighing from 53 to 57 gm., with litter mate controls, were fed 

0.5 per cent of both crude and recrystallized cystamine in a 4 per 

cent casein diet. All cystamine-fed rats died in from 12 to 19 days 

and had unusually brittle femurs, easily detachable epiphyses, 
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and other bone changes, which in some instances were visible on 
x-ray examination. 

Two lots of young albino rats on an adequate stock diet, with 
litter mate controls, weighing from 44 to 62 gm., were given 1 
and 0.5 mg. of cystamine per gm. of body weight daily in aqueous 
solution by stomach tube. All rats receiving 1 mg. per gm. of 
body weight daily were dead after not more than two doses and 
those receiving 0.5 mg. per gm. of body weight daily were dead 
or moribund after not more than seven doses. All showed hemor- 
rhagic changes around the knee joints. 

Another lot of young adult albino rats on an adequate stock 
diet, with suitable litter mate- controls, weighing 152 to 188 gm., 
also were given 1 mg. of cystamine daily by stomach tube. All 
the rats fed cystamine were dead or moribund after not more than 


six doses. 


The Effect of Lyophilizing and Other Methods of Preserving 
Tuberculin Protein. By Fiorence B. Serpert aND EMMA 
H. DuFour. From the Henry Phipps Institute, University of 
Pennsylvania, Philadelphia 
Preservation with 0.5 per cent phenol or 1:10,000 merthiolate 

of tuberculin culture filtrate previously caused very little change 

in the ultracentrifuge velocity sedimentation characteristics. 

Moreover, preservation with 0.5 per cent phenol for at least 3 

years of a 1 per cent solution of tuberculin protein, isolated as the 

purified protein derivative, caused no decrease in potency. 
Preservation in dried form, however, should be preferable. 

It is known that dried purified protein derivative will retain its 

potency indefinitely, but is then not completely water-soluble. 

Previous study of a more labile fraction showed that it could be 

either frozen at —8° to —10° or dried in vacuo with its buffer at 

pH 8 without effect on its sedimentation characteristics or solu- 
bility. Therefore, the “lyophile’”’ process of Flosdorf and Mudd 
was applied to a highly purified protein derivative preparation in 
the presence of phosphate buffer of pH 7.3. It was found to be 
completely soluble in water and, when examined in the Tiselius 
electrophoresis apparatus, showed a single protein component, as 
evidenced by one persisting sharp “schlierien’” band. Previous 
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experiments have shown that with denaturation of the tuberculin 
protein the band tends to become diffuse and even splits into two. 
Furthermore, a purified protein derivative solution diluted to the 
usual diagnostic doses (0.0002 and 0.05 mg. per cc.), lyophilized, 
and supplied to us by Dr. John Reichel of Sharp and Dohme for 
clinical tests showed no loss in potency. Nor did a change in 
potency occur in a 0.1 per cent purified protein derivative lyo- 
philized and then incubated for 21 to 28 days at 37.5°. 


The Rédle of Cations in Carbohydrate Oxidation. By Fay 
SHEPPARD AND Mark R. Everett. From the Department of 
Biochemistry, University of Oklahoma Medical School, Okla- 
homa City 
Oxidation of carbohydrates is inhibited by hydrogen ions, but 

other cations accelerate it. We have completed studies of the 

effects of thirty-seven inorganic cations, both as acetates and as 
carbonates, basic carbonates, or hydroxides, having previously 
demonstrated that the last three have approximately equal 
accelerating influences upon carbohydrate oxidation. 4 equiva- 
lents of each salt were added to 1 per cent d-gluconolactone 
solutions. Acetate mixtures were allowed to react with bromine 

48 hours, and carbonate mixtures 30 minutes, at 25°. Average 

keturonic acid production was as follows: iron, zirconium, and 

uranyl, 40 to 45 per cent; aluminum, copper, and silver, 30 to 35 

per cent; calcium, cerium, and samarium, 23 per cent; lithium 

and thallium, 20 per cent; barium, indium, potassium, manganese, 
sodium, and lead, 16 per cent; strontium, yttrium, gold, mercury, 
and neodymium, 13 per cent; cobalt and magnesium, 10 per cent; 
while thorium, cadmium, chromium, lanthanum, bismuth, nickel, 
praseodymium, erbium, beryllium, tantalum, zinc, and columbium 
gave smaller amounts, decreasing in the order named. The 
results reported for bismuth, beryllium, gold, indium, lanthanum, 
neodymium, praseodymium, and samarium are minimal, because 
of partial insolubility of the salts employed. Keturonic acid pro- 
duction in carbonate mixtures was near equilibrium at 30 minutes, 
little difference being encountered at 1 to 2 hours. Iron, zirco- 
nium, uranyl, aluminum, silver, and copper are the most effective 
cations for carbohydrate oxidation. They function best when 
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introduced as salts of poorly dissociated acids. Our interpreta- 
tion of the réle of inorganic substances in carbohydrate oxidation 
awaits completion of similar studies with anions. 


Magnesium Balance Studies with Infants. By Carrou. F. 
Suuxkers, M. Knorr, anp Freperic W. 
From the Department of Pediatrics, the University of Chicago, 
Chicago 
Since relatively few magnesium balance studies on children 

have been reported in the literature, magnesium retentions have 
been determined for seven male infants 2 to 6 months of age. 
During 57 metabolic periods, of 5 days each, the magnesium 
intake varied from 11.8 to 39.8 mg. per kilo of body weight per day, 
with retentions varying from slightly negative balances to 16.0 mg. 
per kilo. 58 per cent of the retentions were within the range of 
0.0 to 6.0 mg. per kilo. When individual infants were considered, 
there was a trend toward higher retentions with increases in intake, 
but a much more definite correlation existed between the level of 
intake and the amount of magnesium excreted in the urine. The 
ratio of urinary to fecal excretion was approximately 1:8 to 12 as 
contrasted to ratios of 1:2 which have been reported for preschool 
children. 

The type of added carbohydrate, whether honey or corn syrup, 
and the level of vitamin B, in the diet had no effect on the mag- 
nitude of retentions. Increases in intake of a vitamin D solution 
also had no effect upon retentions, but an increase in cod liver oil was 
correlated with somewhat higher retentions in one infant. Pow- 
dered protein milk, as contrasted to Dryco or evaporated milk, had 
a tendency to improve absorption of the magnesium, with resulting 
increases in urinary excretion and in retentions. There was a 
slight correlation between calcium and magnesium retentions, 
indicating probably that both had been affected by the same 
factors. 


The Rate of Turnover of Lecithins and Cephalins. By RoBert 
Gorpon Sincuarr. From the Department of Biochemistry, 
Queen’s University, Kingston, Canada. 

Except for the specific activity of the cephalins in the clotting 
of blood, no information is as yet at hand as to the precise physio- 
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logical functions of each of the three groups of phospholipids, the 
lecithins, cephalins, and sphingomyelins. In recent years the 
use of elaidic acid or of radioactive phosphorus has clearly shown 
that in the liver but not in the muscle a considerable part of the 
phospholipids, taken as a whole, are intermediaries in fat metabo- 
lism. On various grounds it appeared possible that these meta- 
bolic phospholipids might be entirely of the lecithin type. 

To study this point, the phospholipids of both liver and muscle 
were fractionated into cephalins and lecithins by means of absolute 
alcohol. The degree of separation was checked by choline deter- 
mination. It was found that the uptake of elaidic acid, in terms 
of the percentage of total fatty acids, was somewhat greater in 
the lecithins than in the cephalins of both liver and muscle. 

By determining the rate of uptake of elaidic acid it was found 
that the rate of turnover of the lecithins in the liver was definitely 
more rapid than that of the cephalins. However, the rate of 
turnover of the cephalins was so rapid that it appears likely that 
they as well as the lecithins function as intermediaries in fat 
metabolism. 


Stability of the Vitamin B Complex to Sulfur Dioxide and Auto- 
claving. By Henry A. Smita K. From 
the Chemical Laboratory of the Galen Company, and the Bio- 
logical Laboratory of The Vitab Corporation, Berkeley, California 
A rice bran concentrate containing 50 international standard 

units of thiamine, 10 micrograms of riboflavin, 150 micrograms of 

Factor 1, and a filtrate factor value of approximately 28 units per 

ec. was treated with sulfur dioxide. The thiamine (vitamin B,) was 

completely destroyed. The riboflavin was partially destroyed; 
the Factor 1 (vitamin Bs) and the chick antidermatitis factor 
suffered little or no destruction. Sulfur dioxide under the same 

conditions destroys little or no vitamin B, in its pure form or as a 

barium hydroxide eluate from a fullers’ earth adsorbate of a rice 

bran extract. Sodium sulfite, on the other hand, when adjusted 
to pH 5 with sulfur dioxide destroys vitamin B,; both in its pure 
state and in the form of an eluate. 

Autoclaving almost completely destroys the vitamin B, in 
yeast, but vitamin B; in its pure form is quite stable. The chick 
antidermatitis vitamin is partially destroyed by autoclaving, both 
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in yeast and rice bran concentrate. The rice bran concentrate 
treated with sulfur dioxide is a good supplement for the Chase 
and Sherman vitamin B-free diet, as it provides those members 
of the vitamin B complex which are often not supplied by the 
autoclaved yeast. 


Some Properties of a Hemolysin Produced by Group A §-Hemo- 
lytic Streptococci. By C. V.SmytHe anp T. N. Harris. From 
the Department of Bacteriology, School of Medicine, University 
of Pennsylvania, Philadelphia 
If Group A §-hemolytic streptococci are cultivated on a meat 

infusion broth and the organisms are then removed by centrifuga- 
tion or filtration, the broth will hemolyze red blood cells. It is 
known that exposure of the broth to oxygen causes a slow disap- 
pearance of the hemolytic activity and that the addition of sodium 
hydrosulfite (Na2S:O,) to the oxygen-inactivated broth promptly 
restores the hemolytic activity. Very little has been known of the 
chemical nature of this hemolysin. 

The work on which the present report is based shows that the 
agent responsible for the hemolytic activity does not dialyze 
through a cellophane membrane, is precipitated by ammonium 
sulfate, and is inactivated by pepsin, trypsin, and papain. The 
oxygen-inactivated form of the hemolysin has been partially 
purified to a stable, dry powder. ‘iis powder dissolved in saline 
is rendered hemolytic by treatment with sodium hydrosulfite, 
sodium bisulfite, cysteine, hydrogen sulfide, or potassium cyanide. 
It is not rendered hemolytic by pyrophosphate or palladium 
asbestos and hydrogen. Ascorbic acid or ascorbic acid plus iodide 
makes it only very slightly hemolytic. After any of these unsuc- 
cessful treatments the material may still be made fully hemolytic 
by any of the effective reagents. The partially purified activated 
material is inactivated by oxygen, hydrogen peroxide, iodine, 
potassium ferricyanide, iodoacetamide, phenylmercuric chloride, 
or cuprous oxide. In each case the inactivated material can be 
at least partially reactivated by the above activating reagents. 


Properties of a New Growth Factor for Lactic Acid Bacteria. By 
E. E. Snevt anp W. H. Peterson. From the Departments 
of Biochemistry and Agricultural Bacteriology, University of 


Wisconsin, Madison 
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Studies from this laboratory have shown that Lactobacillus 
casei and certain related organisms require riboflavin, pantothenic 
acid, and nicotinic acid for growth on media lacking these sub- 
stances. Quantitative assays for riboflavin and pantothenic acid 
have been developed utilizing these requirements. 

When the culture of Lactobacillus casei is attempted in a hydro- 
lyzed casein medium containing these substances, little or no 
growth occurred until extracts of yeast, liver, etc., were added. 
By norit adsorption from acid solution this growth essential was 
split into two fractions, both of which were required for proper 
growth. 

The portion readily adsorbed on norit was eluted by pyridine- 
alcohol mixtures, and was further investigated. It is fairly stable 
to both acid and alkali, but is destroyed by prolonged hydrolysis 
with either agent. Fractions containing it are insoluble in 95 
per cent alcohol, but it is extracted from solution by butyl alcohol 
at pH 4.0. It is precipitated by basic lead acetate and is firmly 
adsorbed by lead sulfide and other metallic sulfides. It forms a 
water-insoluble picrate, which has not been obtained in crystalline 
condition. Acetylation inactivates the substance. 

The effect of the substance on growth cannot be duplicated by 
mixtures of any known growth factors. The purest preparations 
obtained can be detected in concentrations of 0.01 to 0.03 micro- 
gram per cc.; maximum stimulation occurs with 0.3 to 0.5 micro- 
gram per cc. A potent natural source, yeast extract, similarly 
tested shows maximum activity in concentrations of 200 to 300 
micrograms per cc. 


Microestimation of Calcium in One-Tenth Cubic Centimeter of 
Serum. By Apert E. Soper aNp Bernarp A. Soper. From 
the Pediatric Research Laboratory and Division of Biochemistry, 
The Jewish Hospital of Brooklyn, New York 
A simple method for the estimation of calcium in 0.1 cc. of 

serum was developed. This procedure is a modification of that 

previously reported from this laboratory,* for the acidimetric 
microtitration of calcium by a direct titration. 

Calcium is precipitated as the oxalate in a specially designed, 
small centrifuge tube. This is then converted to the carbonate 


* Sobel, A. E., and Sklersky, 8., J. Biol. Chem., 122, 665 (1937-38). 
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at 475-525°. The carbonate is dissolved in a hot solution of 
10 per cent boric acid. The solution is titrated by a capillary 
microburette to the pH of a pure boric acid solution. The burette 
is regulated by a screw arrangement and its tip dips into the 
solution during titration. The results compare favorably with 
those by previous methods, where 2.0 cc. of serum are employed. 

The technique of the new precedure is simple and readily 
adaptable to the routine work of a pediatric department where 
the amount of blood available for an analysis is often limited. 


Influence of Dietary Phosphorus, Calcium, and Vitamin D in 
Experimental Lead Poisoning. By ALsert E. Henry 
Yuska, Davip D. Prrrovsky, AND BENJAMIN KRAMER. 
From the Pediatric Research Laboratory of The Jewish Hospital 
of Brooklyn, New York 
Experiments were designed to study the influence of phosphorus, 

calcium, and vitamin D in lead poisoning. A basal diet was 
devised which contained traces of calcium (0.03 per cent) and 
small amounts of phosphorus (0.25 per cent) to which 1 per cent 
basic lead carbonate was added (0.82 per cent Pb). This basal 
diet was used without other additions as a low calcium, low phos- 
phorus diet. CaCO; (2.5 per cent) was added in one case to the 
basal diet to produce a high calcium, low phosphorus diet; and 
NazHPO, (2.75 per cent) in another case to produce a high phos- 
phorus, low calcium diet. Each of these three diets was fed to 
about forty rats 23 to 25 days old (albinos of an original Wistar 
strain raised on a Bills stock diet). One-half of each group was 
given 100 international vitamin D units daily after 5 days on the 
experimental diet. After 28 days the animals were sacrificed and 
the lead content of the blood and bones determined. 

Vitamin D was found to increase the percentage of lead in the 
bone ash from 2- to 4-fold in all groups. In the low calcium, low 
phosphorous diet the whole blood lead value was distinctly higher 
in the vitamin D groups. In the high calcium, low phosphorus 
group the difference in blood lead values due to vitamin D was not 
significant. In the high phosphorus, low calcium groups the level 
of the blood lead was much lower than in either of the previous 
two groups and the effect of vitamin D could not be reliably 
measured in view of the very low concentrations of lead in the 


blood. 
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In considering the biochemical behavior of lead as influenced 
by the diet, both the calcium and phosphorus levels as well as 
the presence or absence of vitamin D must be taken into account, 
just as in calcification. 


A Study of Cholesterol Esterase in Brain and Liver. By WARREN 
M. Sperry AND Fiorence C. Branp. From the Chemical 
Departments of the Babies Hospital and the New York State 
Psychiatric Institute and Hospital, and the Department of Bio- 
logical Chemistry, College of Physicians and Surgeons, Columbia 
University, New York 
A marked esterification of free cholesterol has been shown to 

occur during incubation in vitro of blood serum from all animal 
species studied. If the reaction also takes place in vivo, there 
must be a continuous removal from the serum, and presumably 
hydrolysis, of cholesterol esters by the tissues. In an effort to 
determine the possible réle of brain and liver in such processes 
emulsions of these tissues from rats and mice were prepared in 
distilled water or buffers and incubated in experiments similar to 
those employed in the serum studies. In brain emulsions no 
esterification of free cholesterol occurred. There was also no 
esterification on incubation of brain slices in other experiments 
and it is concluded that a “synthesizing” cholesterol esterase is 
not present in rat or mouse brain. A significant esterification 
was usually found in rat liver emulsions in distilled water despite 
the low pH values (4 to 5) which obtained. In the presence of 
phosphate buffers of varying concentration there was little or no 
esterification, regardless of the final pH. On incubation of mix- 
tures of rat serum with rat brain or liver emulsions little or no 
effect of the serum in promoting esterification of tissue-free 
cholesterol could be demonstrated. On the contrary, there was 
usually complete inhibition of the normal esterification of the 
serum and even in some cases, particularly in mixtures with liver 
emulsions, a tendency toward hydrolysis of cholesterol esters. 


x-Ray Studies on Membranes.* By Mona SpieGe_-ADOoLF AND 
Gerorce C. Henny. From the Department of Colloid Chemistry, 


* Aided by a grant from the National Research Council, Committee on 
Radiation, to M. Spiegel-Adolf. 
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D. J. McCarthy Foundation, and the Department of Physics, 

Temple University School of Medicine, Philadelphia 

x-Ray diffraction studies were made on various membranes in 
order to correlate the electric behavior of membranes to their 
structure and to study the effects of radiant energy on protein 
diaphragms. 

One of us (S.-A.) has studied the polarizability of membranes 
and devised a method to vary it. In collodion membranes, it 
was not possible to decide whether the changes in polarizability 
were based upon variations in the size of the pores or upon changes 
of the primary particles. x-Ray diffraction studies on non- 
polarizable and polarizable collodion membranes indicate a 
noticeable difference between their respective diffraction patterns: 
the compression which causes the polarizability seems to call 
forth a shrinkage of the diameter of one diffraction ring, while 
the others are unchanged. These findings suggest at least a 
participation of the primary collodion particles in changes pro- 
ducing polarization and also suggest reasons for changes in certain 
lines of the diffraction pattern. 

Dry gelatin sheets were exposed to a prolonged x-ray irradiation. 
A control was heated extensively. The x-ray picture of this 
control revealed a shrinkage of one ring and a diminished intensity 
of all the rings. Both changes were reversible with hydration. 
The irradiated sample did not show any changes in the diameters 
of the diffraction rings, although the intensity of the pattern was 
even lower than in the heated gelatin; nor could any reversibility 
of the changes of intensity be detected in a moist condition. 
These findings confirm previously stated differences in the effects 
of heat and radiant energy upon proteins. 


The Action of Insulin upon Urea Formation and Carbohydrate 
Synthesis by Liver Slices of Normal and Diabetic Animals. By 
Wii C. Srapie, F. D. W. Lukens, anp Joun A. Zapp, JR. 
From the Department of Research Medicine, and the Cox Institute, 
University of Pennsylvania, Philadelphia 
In normal fasted rats insulin depressed urea formation by liver 

slices in vitro from dl-alanine and Lalanine. With d-alanine no 

decrease was found. The inhibition of urea formation by insulin 
was not confined to glycogenic amino acids, contrary to the 
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hypothesis of Bach and Holmes. Consistent effects of insulin on 
deamination of amino acids were observed only with the non- 
natural amino acids. Deaminase prepared from kidney was not 
inhibited by insulin. After intravenous insulin, deamination by 
liver slices was found to be less than normal. 

In normal fasted cats the results were essentially those found 
in the rat. The diabetic liver slices showed one-third greater 
deamination than the normal. The effects of insulin, however, 
were found not to be increased. Houssay cats were like the 
normals, rather than the diabetic. 

No effect of insulin upon carbohydrate synthesis by liver slices 
was observed. The carbohydrate synthesis by diabetic cat liver 
slices was not found increased; here, too, insulin was without 
effect. 

Insulin had no significant effect on the respiration of normal or 
diabetic liver slices. 


The Acidic and Basic Properties of Wool Protein. By Jacinto 
STEINHARDT AND MiLTon Harris. From the Research Labora- 
tory of the Textile Foundation at the National Bureau of Stand- 
ards, Washington 
The extent of combination of wool fibers with acids and bases, 

in dilute solutions of constant ionic strength, depends on the con- 

centration of salt as well as on the concentration of acid or base. 

Directly related to this effect is the profound difference in shape 

of the titration curve when measured in the absence of salt. The 

slope is steeper, and the equation describing it is a function of 

[H+]? instead of [H+] in the mass law relation which governs the 

results at constant ionic strength. The absence of combination 

at pH 4.7 to 7.0, previously reported, is observed only when salt 
is absent; in 0.1 m KCl, acid combination begins near pH 6.4 where 
buffering, due to histidine, appears. 

These effects are not accounted for by the usual application of 
the Donnan equations, nor by the effect of salts on dissociation 
constants. They are predictable consequences of a progressive 
adsorption of ions, paralleling the titration curve, brought about 
by potential differences between fiber and solution which would 
result if only hydrogen ions combined. Simple equations describe 
the consequent restriction on combination when ions are furnished 
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only by the acid. With salt present the restriction weakens, and, 
with high constant salt concentrations, disappears. Thus only 
at concentrations above 0.1 m do components which can be 
allocated to specific groups appear in their customary pH ranges. 
At these concentrations and from pH 1 to 7, the titration curves 
of wool and egg albumin (with approximately equal ratios of 
imidazole to free carboxyl groups) are almost exactly super- 


imposable. 


Studies on the Mercapturic Acid Synthesis in Animals. XI. On 
the Intermediary Metabolism of Benzyl Chloride in Rabbits 
and Rats. By Jaxop A. Srexou. From the Department of 
Chemistry, Fordham University, New York 
We have shown previously that benzy! chloride, when adminis- 

tered to dogs, rabbits, and rats, yields in the urine N-acetyl-S- 

benzyleysteine (benzylmercapturic acid). We now injected 
benzyl alcohol and benzaldehyde into rabbits and rats and isolated 
from the urine of these animals hippuric acid. The results indi- 
cate that neither benzyl alcohol nor benzaldehyde can be con- 
sidered as an intermediate substance which is formed from benzyl 
chloride in vivo, and that benzyl chloride probably combines 
directly with the —SH group of some substance in the animal body 
and after undergoing further metabolic changes is finally excreted 
in the urine as benzylmercapturic acid. This substance with 
which benzyl chloride combines in vivo is certainly not homo- 
cysteine, as further studies indicated. S-Benzylhomocysteine, 
when fed to rabbits and rats, yielded in the urine N-acetyl-S- 
benzylhomocysteine and not benzylmercapturic acid. 

Further implications of these results with reference to the 
synthesis of cysteine and homocysteine in vivo and to the mecha- 
nism of sensitization of animals to benzyl chloride will be discussed. 


The Fate of Guanylic and Adenylic Acids in the Dog. By Frank 
A. V. SuLtivan AND Leopotp R. Crerecepo. From the De- 
partment of Chemistry, Fordham University, New York 
Guanylic and adenylic acids, obtained from yeast nucleic acid, 

were fed in small amounts (2.5 to 3.0 gm.) to adult dogs maintained 

on a diet of known composition. The following urinary constitu- 
ents were determined in 24 hour samples of urine before and after 
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feeding the nucleotides: total nitrogen, urea, creatinine, allantoin, 
ammonia, inorganic sulfate, and phosphate. 

Our observations show that following the feeding of guanylic 
acid from 44 to 58 per cent of the nitrogen present in the nucleo- 
tide is excreted in the form of allantoin. In the case of adenylic 
acid it was found that from 28 to 43 per cent of the nitrogen was 
eliminated in the form of allantoin. 

Recent workers claim to have observed a rise in the creatinine 
output of dogs after the administration of yeast nucleic acid. 
Under the conditions of our experiments, neither guanylic nor 
adenylic acid caused an increase in the amount of creatinine 
excreted. 


A New and Highly Specific Test for Creatinine. By M. X. 
SULLIVAN AND IrReverre. From the Chemo- 
Medical Research Institute, Georgetown University, Washington 
In a study of creatine and creatinine in various pathological 

conditions, there was need of a test which would be given by creat- 

inine and not by glycocyamidine or simple hydantoins. In a 

comparison of the Jaffe test and the 3 ,5-dinitrobenzoic acid test 

of Benedict and Behre* it was found that the Benedict and Behre 
procedure, while more specific in general than the Jaffe test, never- 
theless like the Jaffe responded positively with glycocyamidine, 
simple hydantoins, and certain creatinine derivatives. Accord- 
ingly, a new test was devised which has a very high order of 
specificity for creatinine. This test depends on the reaction of 

creatinine with 1 ,4-naphthoquinone-2-potassium sulfonate. Di- 

lute solutions of these compounds mixed and made alkaline make 

a dye which on acidification gives a brilliant carmine-colored 

complex extractable by methylene chloride. The reaction is very 

sensitive. Of a large number of compounds tested the only inter- 
ference so far met with is with indole. This can be eliminated. 

The reaction is negative with hydantoins, glycocyamidine, ala- 

creatinine, methyl creatinine, etc. The test is being applied in 

various biochemical fields. 


* Benedict, S. R., and Behre, J. A., J. Biol. Chem., 114, 515 (19363. 
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The Hemoglobin-Methemoglobin System. The Effect of Urea 
on the Oxidation-Reduction Potentials. By Jonn FuLier 
Taytor.* From the Department of Biological Chemistry, 
Harvard Medical School, Boston 
A stable electrode potential is established only slowly in a 

mixture of hemoglobin and methemoglobin. It has been found 

that the addition of a small amount of an electromotively active 
mediator accelerates the attainment of a reproducible potential, 
characteristic of the hemoglobin system. Using this technique, 

we have titrated horse hemoglobin at 30°, between pH 5 and 9. 

If the mid-point potential, E’o, of the titration curves, is plotted 

against pH, the curve is described by the equation 


Ht 
= +0.168 + 0.0601 log (1) 


It has been found that the equation 
0.0601, [Ox] 


108 


Ey = Ey + (2) 
does not describe the titration curve of the hemoglobin-methemo- 
globin system in aqueous salt solution and at constant pH. In 
passing from hemoglobin to methemoglobin, the experimental 
points describe a curve which varies progressively from n = 1 
to n = 2. When hemoglobin is titrated in the presence of con- 
centrated urea, the titration curve is described by Equation 2 


when n = 2. 


The Effect of Desoxycorticosterone Acetate (Synthetic Adrenal 
Cortical Hormone) on the Volume and Electrolyte Content of 
the Blood Plasma in Patients with Addison’s Disease.* By 
Grorce W. THorn R. Patmer Howarp. From the 
Chemical Division of the Medical Clinic, Johns Hopkins Uni- 
versity and Hospital, Baltimore 
The effect of subcutaneous or intramuscular injections of a 

solution of desoxycorticosterone acetate in sesame oil has been 

observed in eight patients with Addison’s disease. During the 


* National Research Council Fellow in Medicine, 1937-38. 
* Aided by a grant from the Committee on Research in Endocrinology, 
National Research Council. 
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period of study the patients were maintained on a constant fluid 
intake and a diet of constant mineral content. Plasma volume 
(Gregersen and Gibsont) and serum concentration of electrolytes 
were determined at appropriate intervals throughout the study. 

Treatment with desoxycorticosterone acetate resulted in an 
increase in plasma volume (350 to 1800 cc.) in all of the patients. 
Withdrawal of treatment resulted in a decrease in plasma volume, 
while resumption of treatment restored the volume to its previous 
level. In some patients no immediate increase in the serum con- 
centration of sodium and chloride was observed during the Ist 
week of treatment. However, the increase in plasma volume 
which occurred at this time resulted in a considerable rise in the 
total plasma content of these ions. Continued treatment with 
desoxycorticosterone acetate restored the serum concentration of 
sodium and chloride to normal in all of the patients. In those 
patients in whom the serum level of potassium was previously 
elevated, treatment with the hormone was followed by a decrease 
in potassium concentration. 


Digestion and Absorption in a Case of Regional Enteritis with 
Three Feet of Small Intestine. By W. R. Topp, Jonn R. 
MontaGuk, MarRLowe AND Epwarp 8. West. 
From the Department of Biochemistry, University of Oregon 
Medical School, Portland 
The study included three periods on a patient operated on for 

multiple regional enteritis. The first period of 7 days in June, 

1935, gave the following results: food intake, carbohydrate 

1851 gm., protein 932 gm., fat 1181 gm., calcium 18.47 gm., 

phosphorus 15.33 gm., and 210 minims of viosterol; percentages of 

utilization, carbohydrate 99, protein 76, fat 55; 3.65 gm. of calcium 
and 2.25 gm. of phosphorus were retained. The following results 
for the second period of 9 days in March, 1938, were obtained: 
food intake, carbohydrate 2973 gm., protein 1225 gm., fat 

1796 gm., calcium 28.4 gm., phosphorus 20.9 gm., and 270 minims 

of viosterol; percentages of food utilization, carbohydrate 99, 

protein 75, fat 38; negative balances of 2.08 gm. of calcium and 

1.24 gm. of phosphorus were observed. A third period of 7 days 


t Gregersen, M. I., and Gibson, J. G., Jr., Am. J. Physiol., 120, 494 (1937). 
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on a high carbohydrate, low fat diet was run in April, 1938. The 
results were as follows: food intake, carbohydrate 3566 gm., pro- 
tein 1139 gm., fat 679 gm., calcium 21.6 gm., phosphorus 17.6 gm., 
and 210 minims of viosterol; percentages of utilization, carbohy- 
drate 99, protein 69, and fat 5.5; negative balances of 0.78 gm. 
of calcium and 0.20 gm. of phosphorus were found. Fecal fat 
contained about 80 per cent fatty acids in all periods. The per 
cent of calories lost in the three periods respectively was 26, 35, 
and 29. 

The excellent utilization of carbohydrate and the marked 
decrease in fat utilization are striking. Calcium and phosphorus 
utilization was improved by a high carbohydrate, low fat diet. 


Oxidative Reactions of Methionine, Cysteine, and Cystine. By 
Gerrit ToENNIES AND THomas P. Catan. From the Lan- 
kenau Hospital Research Institute, Philadelphia 
Some new observations on the differential behavior of the three 

compounds with hydrogen peroxide are presented. It has been 

known that cysteine is oxidized by hydrogen peroxide to cystine, 
that this reaction is catalyzed by cupric ion, that its velocity 
decreases with increasing acidity, and that the oxidation proceeds 
beyond the cystine stage, leading to cysteic acid. Recently* it 
has been found that an excess of hydrogen peroxide oxidizes 
methionine to the sulfoxide stage. The present work shows that 
the velocity of this oxidation increases with increasing acidity and 
that it is not influenced by cupric ion. The same, increasing 
speed with increasing acidity and absence of cupric catalysis, 
was found to be true for the hydrogen peroxide oxidation of 
cystine. The velocities of all three oxidations differ widely, and 
in an acid medium that of methionine is by far the most rapid one. 

In the presence of a 20 per cent excess of hydrogen peroxide the 

oxidation of methionine (0.16 mM) in 2 M aqueous HCIQO, is com- 

plete in 10 minutes. Under the same conditions (2 m HCIO,, 
1.2H,0,:18, 10 minutes) oxidation of cysteine to cystine amounts 
to less than 3 per cent, while oxidation of cystine is negligible. 

Methionine is also oxidized by acid iodine, but, contrary to the 


* Toennies, G., Science, 88, 545 (1938). 
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well known behavior of cysteine and cystine and its own behavior 
with hydrogen peroxide, at a very slow rate. 

The study is being continued with a view to possible applications 
in protein analysis. 


The Hormone Content of the Anterior Pituitary of the Sperm 
Whale.* By Toiksporr anp H. Jensen. From the 
Biochemistry Laboratory, Squibb Institute for Medical Research, 
New Brunswick 
The amount of follicle-stimulating hormone and interstitial 

cell-stimulating hormone (luteinizing hormone) present in a 40 

per cent alcohol extract from desiccated anterior pituitaries of 

the sperm whale was determined quantitatively. The interstitial 
cell-stimulating hormone content was found to be very low, which 
is probably due to partial destruction by autolysis. The ratio 
of follicle-stimulating hormone to interstitial cell-stimulating hor- 
mone was compared with that found in similar material obtained 
from fresh and autolyzed anterior beef and whole sheep pituitaries. 

The low interstitial cell-stimulating hormone (luteinizing hor- 
mone) content in the anterior whale pituitary runs parallel with 

a low antagonistic effect. This observation confirms previous 

studies regarding the identity of the luteinizing hormone, inter- 

stitial cell-stimulating hormone, and antagonist factors. The 
relationship between the thyrotropic and luteinizing effects was 
studied and the significance of these findings will be discussed. 


Sterol Metabolism in the White Rat. By Carieron R. Treap- 
WELL AND H.C. Ecxstern. From the Department of Biological 
Chemistry, Medical School, University of Michigan, Ann Arbor 
Sterol metabolism was studied in white rats on high fat (28 per 

cent) and low fat (6 per cent) diets, adequate in caloric value, 

protein, inorganic salts, and vitamins. The sterol contents of 
the whole blood, serum, livers, or remaining tissues were no 
greater on the high fat diet than on the low fat diet. Sterol 
balances in the females were determined during the various phases 
of the reproductive cycle; i.e., during pregestation, gestation, 


* The material was kindly supplied by Dr. E. M. K. Geiling, Department 
of Pharmacology, the University of Chicago. 
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lactation, and postlactation. Negative sterol balances (difference 
between fecal and dietary sterols) were greater in males than in 
females. The negative balances (male and female) were larger 
on the high fat diet than on the low one. The neutral fat and 
phospholipid contents of the livers were also determined. 


The Inheritance of High Uric Acid Excretion in Dogs. By Harry 
C. TRIMBLE AND C. E. Keeter. From the Biochemical Labora- 
tory and the Howe Laboratory of Ophthalmology, Harvard Medical 
School, Boston 
Inheritable characteristics which are susceptible to chemical 

measurement are relatively scarce. One such character is “high” 

or “low” uric acid excretion in dogs. Animals of the Dalmatian 
breed fed a purine-free diet excrete high quantities of uric acid 

(28 or more mg. per kilo per day), while collies excrete low quanti- 

ties (less than 10 mg. of uric acid per kilo of body weight per day). 

First generation Dalmatian-collie hybrids all excreted less than 

10 mg. of uric acid per kilo per day. Second generation hybrids 

(both direct cross and back cross) fell into two groups with respect 

to uric acid excretion. One group eliminated more than 28 mg. 

per kilo per day; the other group less than 10 mg. per kilo per day. 

Thus uric acid excretion was inherited either as a “high” ora 

“low” character with no overlapping of classes and with no inter- 

mediate grades. Genetically, it is a simple recessive Mendelian 

unit character. It is not sex-linked. A single pair of genes 
determines the character, which is independent of those deter- 

mining the spotting. Altogether, the uric acid excretions of 78 

animals (pure bred and hybrids) have been observed. 


The Oxidation-Reduction Potential Requirements of a Non- 
Spore-Forming Obligate Anaerobe. By Biroir VENNESLAND. 
From the Department of Biochemistry, the University of Chi- 
cago, Chicago 
A determination has been made of the apparent oxidation- 

reduction potential of the medium which just limits the growth 

of a strain of Bacteroides vulgatus, a non-spore-forming, obligate 
anaerobe. The organisms were inoculated into glucose nutrient 
broth contained in vessels provided with shiny platinum electrodes 
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to measure the oxidation-reduction potential, and with glass elec- 
trodes to measure pH. Potentials were maintained at definite 
levels by controlling the composition of a nitrogen-air mixture 
which was bubbled through the culture. A small amount of CO, 
was found to be essential for growth of the organism. The CO, 
was furnished with the gas mixture, which was passed through a 
saturated NaHCO, solution before being led into the culture 
vessel. Potentials of +0.150 volt +0.010 at pH 6.6 completely 
inhibited growth; between +-0.100 and 0.150 volt there was partial 
inhibition, whereas below 0.100 volt there was uninhibited growth. 
Growth was measured by increase in turbidity and was always 
accompanied by the initiation of acid production. A greater 
proportion of oxygen was necessary to maintain the potential 
level at a relatively high positive value when growth was rapid 
than when growth was slow or when the medium was sterile. 
Fresh cultures of the anaerobe on glucose brain broth medium 
showed a relatively high rate of oxygen consumption which 
decreased rapidly with time. The findings are interpreted by 
postulating the existence in the anaerobic system of a necessary 
enzyme which is oxidatively inactivated by oxygen. 


Excretion of Sodium Pregnanediol Glucuronidate in the Adreno- 
Genital Syndrome. By Eveanor Hitt Vennina, G. 
Wei, anv J. S. L. Browne. From the McGill University 
Clinic, Royal Victoria Hospital, Montreal, and the Department 
of Surgery, Johns Hopkins Hospital, Baltimore 
The excretion of sodium pregnanediol glucuronidate is reported 

in two cases of adreno-genital syndrome. The first was a case of 

adrenal cortical carcinoma in a woman aged 29 years with symp- 
toms of virilism. The patient excreted 12 mg. of sodium preg- 
nanediol glucuronidate daily over a period of 7 days prior to the 
removal of the right adrenal containing the tumor. Following 
operation sodium pregnanediol glucuronidate disappeared from 
the urine. No corpus luteum could be demonstrated in the ovary 
at autopsy. 

The second was a case of adrenal hyperplasia associated with 
virilism in a woman aged 25 years, who had never menstruated. 

She excreted 20 to 30 mg. of sodium pregnanediol glucuronidate 
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daily over an observation period of 2 weeks. At exploratory 
laparotomy, both ovaries were small and showed no evidence of 
corpus luteum formation; the left adrenal was enlarged. 

The relation of this finding to the evaluation of the significance 
of pregnanediol excretion is discussed. 


The Ability of Homocystine Plus Choline to Support Growth 
of the White Rat on a Methionine-Free Diet. By Vincent pu 
VIGNEAUD, JosEPH P. CHANDLER, A. W. Moyer, AND Dorotuy 
M. Kepret. From the Department of Biochemistry, Cornell 
University Medical College, New York City 
While investigating the ability of homocystine to support 

growth of animals on a methionine-free diet, we have found that 

in the presence of choline homocystine is capable of replacing 
methionine. Apparently in the absence of choline or some related 
substance the body is unable to methylate homocysteine. 

The diet employed was based on Rose’s amino acid diet but 
in place of tikitiki and milk vitamin concentrate, the diet was 
supplemented with thiamine chloride, riboflavin, nicotinic acid, 
and ryzamin B. With homocystine or homocysteine in place 
of methionine the rats failed to grow, but when choline in addition 
to homocystine or homocysteine was administered, the animals 
immediately responded with growth as good as that obtained with 
methionine. Experiments are now under way to test the effect of 
other methylated compounds as well as substances related to 
choline. 

These observations may explain the efficacy of methionine and 
the failure of homocystine to decrease fatty infiltration of the 
liver resulting from high fat, low choline diets. 

It is hoped that evidence may be obtained to show whether 
the methylation of homocysteine in the presence of choline is a 
direct reaction and, further, whether the methyl group attached 
to the sulfur of methionine may be the source of the methyl 
groups in choline. The methionine-homocystine-choline _rela- 
tionship may be significant, not only to sulfur and fat metabolism, 
but also to other problems of methylation in the animal organism. 
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Nature of the Abnormal Pigment in the Blood of Individuals 
Receiving Sulfanilamide Treatment. By B. WenpDEL 
AND NANNETTE M. WENDEL. From the Department of Chemis- 
try, University of Tennessee, College of Medicine, Memphis 
The blood of most individuals showing cyanosis from sulfanil- 

amide treatment contains methemoglobin. In many instances 
the cyanosis is readily explicable on this basis. In some, however, 
the cause is not so obvious. It has been suggested that aniline 
black (Marshall and Walzl) or a purple dye (Ottenberg and Fox) 
may be responsible for the cyanosis as well as the characteristically 
dark color of the blood of these patients. 

Spectrophotometric and gasometric measurements which we 
have made indicate that methemoglobin is the principal if not 
the sole cause of the abnormal color of blood from these cyanotic 
patients. When the visible absorption spectrum of the blood of 
these individuals is measured and corrected for the oxyhemoglobin 
content, the residual absorption spectrum corresponds closely, 
qualitatively and quantitatively, to that of methemoglobin. 

The methemoglobin contained in the erythrocytes of individuals 
receiving sulfanilamide is more stable than that formed by the 
addition of nitrite to human blood. Experiments will be reported 
which indicate that this stability is more apparent than real. 
There is evidence that blood of these patients contains a store 
of some substance, probably a derivative of sulfanilamide, which 
continues to form methemoglobin after the blood is drawn. This 
continued formation of methemoglobin usually just balances the 
normal spontaneous reduction of methemoglobin, causing the 
methemoglobin concentration to remain essentially constant for 
several hours. 


Some Properties of Prolactin. By AsprRaHamM Waite AND Roy 
W. Bonsnes. From the Laboratory of Physiological Chemistry, 
Yale University School of Medicine, New Haven 
The isolation* of a crystalline protein with marked crop- 

proliferating activity has led to a study of some of the chemical, 

physical, and physiological properties of this protein. The crys- 
talline nature of the material is indicated by its microscopic 


* White, A., Catchpole, H. R., and Long, C. N. H., Science, 86, 82 (1937). 
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appearance and from its x-ray diffraction pattern. The relatively 
constant physiological activity of the crystalline substance after 
several recrystallizations suggests that the crystalline protein is 
identical with the hormone. The chemical individuality is further 
established by experiments with the cataphoresis apparatus of 
Tiselius. The ultraviolet absorption spectrum of prolactin has 
been studied in detail by Dr. G. I. Lavin of The Rockefeller 
Institute. 

The elemental analysis of the crystalline substance is typically 
that of a protein; no phosphorus is present. 0.5 per cent solu- 
tions yield precipitates when tested with the common protein 
precipitants. The ninhydrin, biuret, Hopkins-Cole, and Millon’s 
tests are positive. The test for labile sulfur is strongly positive. 
Digestion with pepsin or hydrolysis with boiling 20 per cent hydro- 
chloric acid results in a destruction of the physiological activity; 
destruction of the hormone in solution is most rapid by boiling 
at pH 13. Solutions of prolactin in 0.1 N sodium hydroxide 
gradually lose their physiological activity on standing at room 
temperature. 

The crystalline protein appears to be a physiological entity. 
Assays for growth-promoting, thyrotropic, “‘diabetogenic,’”’ adreno- 
tropic, and gonadotropic activities have all yielded negative 
results with the methods of assay employed. 


Effect of Oral Administration of Methylcholanthrene and of 
Benzpyrene on the Growth of the Rat. By Jutius WHITE AND 
ABRAHAM Wuite. From the Laboratory of Physiological 
Chemistry, Yale University School of Medicine, New Haven 
The growth-inhibiting action of methylcholanthrene and of 

benzpyrene has been demonstrated on young, growing rats by 

the incorporation of suitable quantities of either of these hydro- 
carbons into a relatively low protein basal diet. The addition 
of either methylcholanthrene (70 mg.) or benzpyrene (90 mg.) 
to each 100 gm. of the basal diet results in a change of the daily 
growth rate from an average of 1.4 gm. on the basal diet alone to 
an average of 0.3 gm. The addition of either l-cystine (400 mg.), 
dl-methionine (500 mg.), or cystine disulfoxide (500 mg.) to each 

100 gm. of the basal diet containing the methylcholanthrene 

results in a stimulation of growth with a subsequent daily weight 
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increment approximating that observed in rats ingesting the basal 
diet alone. Moreover, a similar growth-stimulating effect is 
observed following the subcutaneous injection of glutathione 
(55 mg. daily) into rats ingesting the methylcholanthrene- 
containing basal diet. On the other hand, supplements of either 
taurine, glycine, or sodium sulfate did not stimulate growth when 
these substances were added to the methylcholanthrene-containing 
diet. The effects of each of the listed supplements on the growth 
of animals stunted by means of benzpyrene is being investigated. 
In addition, efforts are being directed toward determining the 
metabolic fate of ingested carcinogens. 


Blood Concentration in Morphine Addicts. By Epwin G. 
Wiuuiams. From the Laboratories of the United States Public 
Health Service Hospital, Lexington, Kentucky 
The effect of maintained morphine addiction with strong physi- 

cal dependence on the concentration of the blood was studied in 

man by obtaining data on 136 samples of blood from eighteen 
well controlled addicts. These data were compared with those 
obtained on 189 blood samples from post-addicts living in a well 
controlled institutional environment. A smaller number of blood 
samples was studied through the withdrawal and early postwith- 
drawal periods, and on 55 normal male employees of ages com- 
parable to those of the patients. Values were determined for cell 
volume, specific gravity of whole blood and plasma, and water 
content of whole blood and plasma. It was found that addiction 
with strong physical dependence is associated with blood hydra- 
tion. During withdrawal there is a temporary decrease in hydra- 
tion, but the concentration does not reach the normal level. 

Post-addicts have normal values for cell volume, specific gravity 

of plasma, and water content of whole blood. 


Fat Excretion and the Fecal Lipid Distribution of Average, 
Healthy Children. By Harotp H. Witirams, Marion L. 
SHEPHERD, AND ExvizaBetH E. Enpicotr. From the Research 
Laboratory of the Children’s Fund of Michigan in Cooperation 
with the Methodist Children’s Home Society, Detroit 
During a metabolic study of ten average, healthy, preadolescent 

children over 8 consecutive months under controlled condi- 
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tions of environment and diet, data were procured upon the 
excretion of fat, the partition of the fecal lipids, and the absorp- 
tion of fat upon varying intakes. The coefficients of apparent 
digestibility indicate a relatively complete absorption of the 
food fat, averaging over 97 per cent during a period in which 
the intakes were increased from 57 to 100 gm. daily, approxi- 
mately. The distribution of the lipids in the average daily 
excretion of fat (approximately 2 gm. per child) was as follows: 
soaps 0.27 gm., free fatty acids 0.83 gm., neutral fat 0.75 gm., 
unsaponifiable 0.10 gm. The variations in the retentions of the 
different children were much wider than those occurring in the 
same individual, indicating that fat excretion is characteristic of 
the individual. 

During a large part of the experimental period two of the 
children received a doubled milk intake. The stools of these 
children during the period of increased milk intake averaged 
15.73 per cent fat; for the children on the lower milk content 
diet the average was 11.88 per cent. The total excretion of fat 
increased approximately one-third (average 3.14 gm. daily) and 
had the following composition: soaps 0.96 gm., free fatty acids 
1.12 gm., neutral fat 0.87 gm., and unsaponifiable 0.17 gm. 
The greatest increase was in the soap constituent, apparently as 
a result of the increased calcium intake. The soaps and free 
fatty acids did not vary inversely in the feces, demonstrating 
that a loss of fat occurred with the increased mineral intake. 
The small increases in the free fatty acids and neutral fats, 
accompanying the large increases in fecal soaps, may indicate 
that they derive, primarily, from the intestinal bacteria. 


The Distribution in the Body of Magnesium Salts Injected 
Intravenously. By ALEXANDER W. K. 
SmirH, AND Bernarp M. Scuwartz. From the Departments 
of Internal Medicine and of Pharmacology and Toxicology, Yale 
University School of Medicine, New Haven 
Isotonic solutions of magnesium sulfate were injected intra- 

venously into dogs, and the concentrations of both ions were 

determined in serum and in urine at intervals after the injection. 

The apparent volume of distribution of each ion was calculated 
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by the formula 


Apparent volume of Ee Amount injected minus amount excreted in urine 
distribution Rise in concentration in serum water 


It was found that the apparent volume of distribution of mag- 
nesium was approximately equal to that of sulfate during the 
first 2 or 3 hours after injection. Since there is abundant evidence 
that sulfate, like sodium and chloride, is confined to the extra- 
cellular fluid, these experiments indicate that magnesium likewise 
initially distributes itself through the extracellular fluid only. 
This distribution contrasts with that of potassium, which when 
studied by the same technique appears to enter the intracellular 
water as well. After 2 or 3 hours the volume of distribution of 
magnesium frequently appears to increase somewhat. The 
eventual fate of the magnesium is now under investigation. 


Concentration of a Growth Factor for Clostridium butylicum. 
By D. W. anp L. E. McDanrev. From the Depart- 
ments of Biochemistry and Agricultural Bacteriology, University 
of Wisconsin, Madison 
An essential substance for the growth of Clostridium butylicum 

has been detected in a wide variety of natural products. The 
best source for concentration procedures was a commercial 
extract of cereal grains known as vitab. Growth was measured 
by quantitative determination of turbidity with an Evelyn 
photoelectric colorimeter. A basal medium containing glucose, 
asparagine, and inorganic salts was developed in which negligible 
growth occurred. When preparations of the growth factor were 
added, however, luxuriant growth was obtained. 

The active substance could be obtained from an acid aqueous 
solution of vitab by continuous ether extraction for long periods. 
It was not extracted by ether from neutral solution. A more 
convenient method was to shake out the aqueous solution with 
butanol, then take the growth factor from the butanol with 
sodium hydroxide solution, and finally shake out from the acidified 
extract with ethyl acetate. Adsorption on norit and elution with 
alcohol yielded a concentrate which gave maximum stimulation 
when 0.1 to 0.5 microgram per cc. was added, and which could be 
readily detected after the addition of 0.001 microgram per cc. 
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The distribution between water at various pH values and 
ether has indicated that the growth factor is an acid. Other 
acidic growth factors could not replace it. From a study of its 
stability to various chemical treatments it was concluded that it 
was an easily oxidizable, alkali-stable, saturated acid of very low 
volatility. 


Ultracentrifugal and Electrophoretic Analysis of the Native 
Proteins in Egg White. By E. Gorpon Youna. From the 
Department of Biochemistry, Dalhousie University, Halifaz, 
Canada 
An attempt has been made to determine the native state of the 

various proteins in the white of hen’s eggs by the use of the 

ultracentrifuge. Centrifugation at 60,000 r. pr. m. for 5 hours of 
natural egg white and of that diluted once to several times with 

1 per cent sodium chloride resulted in a single sedimenting bound- 

ary by the diagonal schlieren method. 

After dialysis of natural egg white in 0.1 » phosphate buffer 
at pH 7.2 the protein solution was electrolyzed in a Tiselius 
electrophoresis apparatus. Five or six separate migrating 
boundaries were demonstrable with monochromatic light of 
\ = 589 my and a total protein concentration of 5.6 per cent or less. 

A careful fractionation of egg white for mucoproteins yielded 
(1) ovomucoid which was monodisperse in the centrifuge but 
exhibited two or more boundaries by electrophoresis, and (2) 
ovomucin which showed two components by centrifugation, yet 
only one boundary by electrophoresis. Present methods of 
separation are therefore inadequate for these proteins. 


The Biological Synthesis of Hippuric Acid in Vitro. By Henry 
Borsook AND Jacos Dusnorr. From the William G. Kerckhoff 
Laboratories of the Biological Sciences, California Institute of 
Technology, Pasadena 
A micromethod for measuring very small quantities of hippuric 

acid (0.1 ce. of 0.0001 m) was devised. With this method and the 

tissue slice technique, liver and kidney tissues of the rat, rabbit, 
and guinea pig were found capable of synthesizing hippuric acid 
from benzoic acid and glycine. The function was absent from 
the liver of the dog, though present in the kidney of this animal. 
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Thermodynamic data indicate that under our experimental 
conditions at equilibrium hippuric acid is 95 to 99 per cent hydro- 
lyzed. Under the same conditions with tissue slices approximately 
50 per cent of the benzoic acid is converted into hippuric acid. 
There is, therefore, a gain in free energy which is supplied by an 
energy-yielding reaction. 

No synthesis was observed with ground up tissues, or when the 
organs had been removed from the animal for more than 3 hours. 
The svnthesis was evidently associated with intact intracellular 
structure. 

The synthesis proceeds about twice as fast in the liver as in the 
kidney. It is a slow reaction, about one-thirtieth the rate of the 
synthesis of urea. 

The synthesis proceeds most rapidly when the amino acid used 
is glycine. With serine and hydroxyproline a substance is formed 
which behaves like hippuric acid in the usual analytical procedure 
for hippuric ac'd. All other amino acids, including threonine, 
were negative. We are at present engaged in the isolation and 
identification of the compounds formed by benzoic acid with 
glycine, serine, and hydroxyproline. 
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Ageing 


BIOLOGICAL AND MEDICAL ASPECTS 


Edited by E. V. Cowdry 
Washington University, St. Louis 
Sprowsorep sy Tue Josian Macy, Jr. Fourpation 


Problems without precedent in human history—This book focuses 
attention upon a problem which has far reaching scientific and 
social ir-plications for a society with rapidly increasing proportion 
of older men and women. 

Synoptic view of ageing—Current knowledge in regard to the 
ageing process is presented by a bey of outstanding men who 
have evaluated the literature in their special fields and reported 
their own findings. The contributions reflect the complexity of 
the problem and show its biological, medical, psychological, cul- 
tural, and social aspects.* 

Basic conditions disclosed—The volume is evidence of the growing 
recognition of the fact, that any serious consideration of the prob- 
lems of ageing must be based on biological and related chemical 
knowledge. 

Biological processes in cultural contexts—The studies of biological 
nature, presented in this symposium, provide the foundation for 
attack upon the more intangible psychological and social aspects 
of the problem. 

The desirable goal—The book points to the answer of the two major 
questions that arise in connection with the medical care of the 
aged: how to prolong human life and how to lessen, if not elimi- 
nate, those malfunctions and disturbances, which impair the ex- 
isting lifetime of so many colder individuals. 


* The Editor says: 
to bring to bear on the problem the experi- 
ence polate of view of spraiioee warking together 
in a constructive way, . 
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